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A primary concern of the U.S. Coast Guad is the development of a system using
Loran-C to enable vessels to accomplish precision navigation in harbors, harbor
entrances (HHE), and restricted waterways. The need for this system is especially
great during periods of low visibility or when more conventional aids to naviga-
tion are not available.

A visual survey method is the basic approach for a Loran-C Time Oifference (TO)
grid survey in restricted waterways. The shipboard visual navigation app-oach
relates the surveyed Time Differences (TO's) to the world of the mariners.

"The result is a set of waypoints (i.e., intersection of two visual ranges) mea-
sured in TO's which relate to the actual location of channel edges, shoals, buoys,
and other aids to navigation 2l>

This report describes the Time Difference Survey System (TOSS) which was developed
at the U.S. Coast Guard R&D Center to accurately and efficiently measure, record,
and process the TO information.

Loran-C, Time Difference (TO), Document is available to the
waypoint chain tracking, data U.S. public through the National
collection, grid Technical Information Service,

Springfield, Virginia 22161
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1.0 GENERAL INFORMATION

1.1 Introduction

The TDSS is a data acquisition system designed to collect Loran-C
time difference and vessel position data for Loran-C harbor survey applica-
tions. The system provides a real-time graphic display of the data collected
and calculates cumulative statistics including linear regression parameters.

The TDSS consists of a Hewlett-Packard HP9845B desktop calculator,
an AUSTRON 5000 Loran-C monitor receiver, and a Motorola Mini-Ranger position-
ing system. The use of Mini-Ranger is optional and depends on the survey
applications. The HP9845 is interfaced to the AUSTRON 5000 via an RS232 link
operated at 9600 baud. The HP9845 and Mini-Ranger are connected via 16-bit
and BCD interfaces. The 16-bit interface is used for control functions and
the BCD interface for data transfer. A real-time clock option on the HP9845
is used to generate sample requests from the AUSTRON 5000 and Mini-Ranger.

1.2 General Description

1.2.1 AUSTRON 5000 Loran-C Monitor System

The AUSTRON Model 5000 Loran-C Monitor System is a computer-
controlled Loran-C system specifically designed to do real-time data gathering
for up to four Loran-C chains (see figure 1-1). The receiver is capable of
tracking more than one chain and can be used on a time-shared basis by more
than one user. The system consists of a receiver section which filters and
amplifies the Loran-C signal and then digitizes samples upon command from the
computer section. The receiver is controlled by a POP-8 minicomputer (see
figure 1-2). Processed data in the form of time differences, envelope data,
receiver gain, and noise data is transmitted from the computer. The receiver
initialization, control, and system checks for proper tracking is done through
various commands. (See appendix A.) The status of the chain is carefully
monitored and should an abnormal condition occur, the receiver will recognize
this condition and respond with a corresponding error message. For a complete
listing of messages, see the AUSTRON 5000 Fault Command Dictionary in appendix
B.

1.2.2 Hewlett-Packard 9845B Computer

The H/P 98458 is a high-speed versatile computer utilizing
the Enhanced BASIC 1 language. (See figure 1-3.) It is designed for both
the programmer and the system operator since it can be used interactively for
writing and debugging programs and entering data.

The H/P 9845B system features the following:

Keyboard - Full 128-character ASCII set, color-coded and
configured like an office typewriter.

]Beginner's All-Purpose Symbolic Instruction Code

m • m m m | i la1



FIGURE 1-1 AUSTRCN 5000 NAVIGATION SYSTEM
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FIG=R 1-2 PDP-8/X PROCESSOR
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CRT - 80-character by 24-functional-line Cathode Ray
Tube (CRT) display.

ROMs - There are several plug-in Options Read Only
Memories (ROMs) which provide additional language capabilities to perform
specific tasks, such as using mass storage devices, graphics, 1/0, and
advanced programmning.

Internal Printer - The optional internal thermal printer
is an 80-character line printer used for hard-copy output.

Tape Drive - The two tape drives built into the System
458 main frame (one is standard, the second is optional) provide an
easy-to-use storage capability of 217K bytes (or about 847 physical
records) per tape cartridge.

Language - The BASIC language as implemented on the
System 458 Computer is an enhanced form of HP Compatible BASIC.

1.2.3 Mini-Ranger III System

The Mini-Ranger III System (MRS 111) shown in figure 1-4 is
used to accurately determine the position of a mobile unit such as a vessel,
aircraft, or land vehicle. This position is determined with respect to
Reference Stations located at known, fixed points.

The MRS III, operating on the basic principle of pulse radar,
uses a transmitter (located on the mobile unit) to interrogate the reference
stations. The elapsed time betwepn the transmitted interrogation produced by
the MRS III transmitter and the reply received from each reference station is
used as the basis for determining the range to each reference station. This
range information, displayed by the MRS III tcaether with the known location
of each reference station, can be trilaterated to provide a position fix of
the mobile unit. The standard MRS III operates at line-of-sight ranges up to
(approximately 37 kilometers) 20 nautical miles and, with appropriate calibra-
tion, the probable range measurement accuracy is better than 3 meters (10
feet). A unique coding system is employed in the MRS III to minimize false
range readings caused by radar interference and to provide selective reference
station interrogation. The operating frequencies of the MRS III can be set
(at the factory) above or below the operating frequencies of on-board radar
systems to eliminate possible interference with normal radar operation.

1.2.4 U3 tininterruptible Power Supply

The UPS unit contains a battery charger and a static inverter
(see figure 1-5). In normal operation, the ac power is converted to dc
power. The dc power from the charger supplies the inverter and maintains the
batteries at full charge. rhe inverter changes the dc power back to ac and
powers the critical load. When the ac line fails, the inverter continues to
supply normal power to the load drawing power from the batteries. If an
inverter malfunction occurs or the inverter is turned off, the load is auto-
matically transferred to the ac bypass line.

4
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1.3 Equipment Specifications

1.3.1 AUSTRON 5000 Monitor System

- Antenna 8' whip

- Antenna Coupler W0783
- Antenna Cable RG-22

- NOTCH Filter GCF-W-379-12A
- Receiver Power

Voltage 115V + 15V rms

Frequency 48 Hz-to 420 Hz

Consumption 0.9 amp rms

- PDP-8/E Power
Voltage 115 VAC

Frequency 60 Hz
Consumption 150 watts

- Weight 138 pounds
- Software Version 2/8/77

1.3.2 H/P 9845B Computer

- Memory 186K bytes

- ROMs
I/O 98412A

Graphics 98411A
- Real-Time Clock 98035A

- Interfaces
Serial I/O 98036A

BCD 98033A
16-Bit 98032A

- Power
VolLage 108 to 126

Frequency 48-66 Hz

Consumption 275 va

- Weight 89.5 pounds

1.3.3 Mini-Ranger III System

- Range Console
- Receiver-Transmitter
- Two Remote Reference Stations
- Batteries (for each reference station)
- Power:

Reference Station 24 to 30 VOC

Range Console 105 to 125 VAC

- Consumption:
Reference Station 13 watts
Receiver/Transmitter 17 watts

Range Console 60 watts
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1.3.4 Uninterruptible Power Supply

- Inverter 82102-12
- Two Battery Units 2566-2
- Voltage Monitor Panel
- Power 105 to 130 VRM
- Weight 450 pounds

1.4 Reference Documents

1. AUSTRON Model 5666 Loran-C Monitor System Maintenance Manual,
September 1977, P/N 12797049.

2. PDP-8/E Processor Maintenance Manual, Volume 1, No.
EK-8E 41-MM-004.

3. PDP-8/E Internal Bus Options Maintenance Manual, Volume 2, No.
EK- 8E(02-MM-06(5.

4. PDP-8/E External Bus Operations Maintenance Manual, Volume 3,

No. EK-8E003-MM-004.

5. PDP-8/E Engineering Drawings.

6. Hewlett-Packard System 458 Desktop Computer Operating and
Programming Manual, Part No. 09845-91106.

7. Hewlett-Packard System 45B Desktop Computer Owner's Manual,
Part No. 09845-91c15.

8. Hewlett-Packard System 45B Desktop Computer Graphics ROM
Programming, Part No. 09845-91050.

9. Hewlett-Packard System 458 Desktop Computer I/O ROM Program-
ming, Part No. 09845-91060.

10. Hewlett-Packard System 45B Desktop Computer Quick Reference
Manual, Part No. 09845-91015.

11. System 45B Asynchronous Terminal Emulator, Part No. 09845-10d40.

12. Hewlett-Packard 98635A Real-Time Clock Installation and Opera-
tion Manual, Part No. 98'35-96Y6id.

13. Hewlett-Packard 98633A BCD Interface Installation and Service
Manual, Part No. 98(I33-96R6d.

14. Hewlett-Packard 9832A 16-Bit Interface Installation and
Service Manual, Part No. 98632-g00.

15. Hewlett-Packard 986i36A Serial I/O Interface Installation and
Service Manual, Part No. 98036-9606.
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16. Maintenance Manual for Mini-Ranger III System (MRS III),
Document No. 68-PM4884F.

17. Operation and Installation Manual for Mini-Ranger III System
(MRS III), Document No. 68-PO4883F.

18. Uninterruptible Power Systems U3 Product Family Technical
Manual, 933-LU663-TM Revision 0.

19. State Plane Coordinates by Automatic Data Processing, U.S.
Government Printing Office, Publication 62-4.
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2.0 INSTALLATION

2.1 Field Installation of AUSTON 5000 Loran-C System

The Austron system console is best installed in the CPO quarters of
a 65-foot tug and in the chartroom of an 180-foot buoy tender. This provides
accessibility to the operator and is out of the way of the crew.

1. With all units removed mount the console to a secure platform.
2. Install the AUSTRON receiver in the console using the exist-

ing slides mounted in the top section of the console.
3. Install the POP8/E unit into the existing slides mounted in

the bottom of the console.
4. Secure the AUSTRON receiver with front panel screws.
5. Secure the PDP8/E with rubber strap or stretch cord.
6. Turn the console on/off switch to off.
7. Turn the POP8/E on/off switch to off.
8. Connect the (3) data interconnect cables between the AUSTRON

receiver and the PDP8/E. NOTE: THE CABLES ARE KEYED TO GO
ONLY ONE WAY.

9. Check the (3) termination plugs on the AUSTRON receiver for
tight connection.

10. Check jumper plugs Jl, and J2 on the PDP8/E for tightness.
11. Mount the antenna coupler W0783 to a secure antenna platform

or mast.
12. Screw in a 102 inch Loran-C whip into the coupler.
13. Connect antenna cable to the coupler.
14. Connect antenna cable to the AUSTRON receiver antenna connec-

tion.
15. Check circuit breaker and fuses on back of the PDP8/E.
16. Check fuses on the back of the AUSTRON receiver.
17. Connect AC jumper cable between AUSTRON receiver and PDP8/E.
18. Connect the AC input cable from PDP8/E to the AC outlet strip

black terminal.
19. Connect the AC input cable to the voltage monitor panel

outlet in the TOPAZ(UPS) console.

2.2 Field Installation of TOPAZ Uninterruptable Power Supply (UPS)

The (UPS) system is optional and its use will depend on the stabili-
ty of the power source that will be utilized with the Austron system.

1. With all units removed except the voltage monitor panel,
mount the TOPAZ console to a secure platform with angle iron
and 1/4 inch bolts.

2. Install inverter and the (2) battery units into the console,
with the inverter unit going on top.

3. Secure the units in with the front panel screws and the rear
support brackets.

4. Install the jumper cable between the two battery units.
5. Connect the DC input cable to the inverter and the bottom

battery unit.
6. Connect the AC input cable.

9
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7. Plug in the voltage monitor panel cable into one of the
inverter AC output sockets.

8. Check the battery unit fuses and the inverter unit fuse for
proper value.

Fuse Specifications

Battery Unit - BAF 30
Inverter Unit - BAF 20

9. Plug the input AC cable into the isolation transformer.
10. With all switches off, plug the isolation transformer into

the power source.

NOTE: CAUTION IS ADVISED AS INPUT 120 VAC IS DIRECTLY CONNECTED TO INPUT AND
OUTPUT TERMINALS OF THE INVERTER WITH ALL SWITCHES OFF.

2.3 H/P 9845B Desktop Computer

The 98458 is best when installed in the pilothouse where visual and
other navigational aids are present for assistance in surveying.

The standard 98458 does not come completely equipped with all the
essential features needed to perform the Data Collection task. Several
options are required to meet all specific tasks. (See Section 1.2.2.)

NOTE: Set Baud Rate desired on 98036A interface prior to operation.

CAUTION: ALWAYS SWITCH OFF THE COMPUTER WHEN INSERTING OR REMOVING
ROMS AND INTERFACES. FAILURE TO D0 S0 COULD DAMAGE EQUIPMENT

2.4 System Interconnection

2.4.1 9845B to PDP8/E Data/Control Link

The interconnection between the 98458 Computer and the M8655
Control Card in the POP8/E Computer is accomplished by use of a standard
Digital Cable assembly (BCt0lV). Refer to POP8/E Engineering Drawing for
wiring specifications.

2.4.2 98458 to MRS III Control Link

The interconnection between the 9845B Computer and the
Mini-Ranger III is accomplished by use of the standard H/P 98032A I/O inter-
face which provides 16 bit data exchange. The wiring configuration used for
the (TOSS) system is detailed in table 2-1. Refer to the Installation and
Service Manual for the 98032A 16 bit interface for the technical specifica-
tions and operation description.
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TABLE 2-1 - HP98032A 16 BIT INTERFACE

lJ2 Ext Control Wire Code

A Spare Not used
B RT No. 1 & 2 off Not used
C Bite Normal 96 white/blue
D Remote B-2 934 white/orange/yellow
E Remote B-4 936 white/orange/blue
F Remote A-1 9 white/black
G Remote A-3 92 white/red
H Remote B-i 97 white/violet
J Remote B-3 935 white/orange/green
K Nay xmit req 94 white/yellow
L Remote A-2 91 white/brown
M Ext sync Not used
N Remote A-4 93 white/orange
P Xmit status Not used
R Radar blanking Not used
S Nay switch 95 white/green
T +5 vdc Not used
U Micro switch Not used
V Ground 90 white

Tie the following wires to ground (white)

9 - white 94 - white/black/yellow
- inner bare wire 96"5 - white/black/green

9(3 - white/black orange 9(66 - white/black blue

Tie the following wires together

98 - white/gray
8 - gray

2.4.3 9845B to MRS III Data Link

The interconnection between the 98458 computer and the
Mini-Ranger III is accomplished by use of the standard H/P 98033A BCD Inter-
face which provides data transfer in bit-parallel and digit-parallel form.
The wiring configuration used is detailed in table 2-2. Refer to the 98033A
BCD Installation and Service Manual for the technical specifications and
operations description.

11



TABLE 2-2 - H/P 98ci33A BCD INTERFACE

IJS On BCD Interface Color

A Spare
B Not used
C Not used
D Not used
E Not used
F Range A lO-1 923 white/red/orange
G Range A 10-2 924 white/red/yellow
H Range A 0o-4 925 white/red/green
J Range A I02-1 9(65 white/black/green
K Range A l02-2 966 white/black/blue
L Range A 102-4 9(67 white/black/violet
M Range a 102-8 908 white/black/gray
N Range A 103-1 9(1 white black/brown
P Range A 103-2 902 white/black/red
R Range A 103-4 963 white/black/orange
S Range A 103-8 944 white/black/yellow
T Not used
U Not used
V Not used
W Not used
X Ext Hold 8 Gray
Y Not used
Z A-BCD Flag 918 white/brown/gray
a Range A 10-8 926 white/red/blue
b Range A 10l1 -  912 white/brown/red
c Range A lO-2 913 white/brown/orange
d Range A 104-1 94 white/yellow
e Range A 104-2 95 white/green
f Range A 104-4 96 white/blue
g Range A 104-8 97 white/violet
h A Code ID 1 945 white/yellow/green
i A Code ID 2 946 white/yellow/blue
j A Code ID 4 947 white/yellow/violet
k Ground
m +5 volts
n Range A lO-4 914 white/brown/yellow
p Range A 101-8 915 white/brown/green
q Range A 105-1 90 white/black
r Range A 105-2 91 white/brown
s Range A 105-4 92 white/red
t Range A 105-8 93 white/orange

12



Tie the following wires to ground

0 - black 916 White/brown/blue
I - brown 917 white/brown/violet
2 - red 937 White/orange/violet
3 - orange 936 white/orange/blue
4 - yellow 935 white/orange/green
5 - green 934 white/orange/yellow
6 - blue 927 white/red/violet
7 - violet 948 white/yellow/gray

Tie the following wires together

98 - White/gray
928 - white/red/gray

2.4.4 Antenna Cable

The connection between the W0783 Antenna Coupler and the
AUSTRON 5000 is accomplished by use of a standard RF TWINAX Cable (BELDEN
9250) RG-22 B/U. (See appendix K for connector phasing.)

2.5 System Initialization

Before operation, the system should be installed in accordance with
section 2.

Preliminary Steps:

A. Set Band rate on 98036A Serial I/O Interface to 9600. The
bit rate can be set (through the hole on the side) without disassembling the
interface. Set the bit rate switch to correspond to the bit rate of the data
communications device connected to the interface. Here is a list of the
available bit rates and switch positions to select each rate. Rotate the
switch to the desired position with a small screwdriver.

Switch Position Bit Rate

1 9600 - Use 1/16 Bit Rate Factor (bits 0
2 4 and 1 of mode word)
3 24
4 1800
5 1200
6 600 Use 1/64 Bit Rate Factor (bits 0
7 300 and I of mode word)
8 150
9 IL

B. Set switches on the PDP8/E M8655 Asynchronous Data Control
Card to match the 98036A Serial I/O Interface. The KL8-JA (M8655) Asynchron-
ous Data Control Card is provided with two dual in line switches for setting
the device code and transmission speed. The switches are located in the lower
right hand corner. They are labeled transmit and receive.

13
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rhe bit assignments for the switches are as follows:

Table 2-3. KL8-JA (M8655) switch settings

SPEED SELECTION

110 Baud Rate

Tr ansmit Receive
Switch# Position Switch# Position

1 = off 1 off
2 = off 2 = off

300 Baud Rate

I off 1 = off
2 = off 2 = on

9600 Baud Rate

1 = on I a n
2 off 2 = on

DEVICE CODE SELECTION
Master Control

3 = off 3 = off
4 = off 4 = off
5 = off 5 = off
6 * on 6 2 off
7 = off 7 = on
8 * off 8 = on

2.5.1 Turn-On Procedure

2.5.1.1 TOPAZ (UPS) System (Optional)

1. Set CHARGER INPUT circuit breaker to the UP/ON
position.

2. Set the INVERTER circuit breaker to the UP/ON
position.

3. Push the RESET button to shift from AC bypass
to inverter output.

NOTE: The lights should shift from red (AC bypass) to green (inverter) output
line.

14



4. Check voltage monitor panel for proper readings:
- 60 HZ
- 5 amps input with batteries at full charge

(81 VDC) and no load condition.
- 5-10 amps with batteries on charge, no load

condition.
- 5-20 amps with batteries on charge and under

load.

2.5.1.2 AUSTRON 5000 System

1. Set console ON/OFF switch to ON
2. Insert key in PDP8/E OFF/POWER/PANEL LOCK

switch then turn to POWER position.
3. Let system warm up for 15 minutes before

loading any instructions into the PDP8/E.

2.5.1.3 HP9845B Computer

Turn on the system 45B by pressing the power switch
on the right-hand side of the computer. Memory is tested automatically and
"g845B IS READY FOR USE" will be displayed on the CRT when all tests are
completed.

2.5.2 Bootstrap Programming the POP8/E

1. First, insure that the computer is not "RUNNING" any
programs by first depressing, then raising the "HALT"
switch.

2. Set selector switch to the "MD" position.
3. LOAD THE EXTENDED MEMORY ADDRESS (EMA) by setting the

switch registers (SR) to field ((Id00), then depressing
the "EXTO ADOR LOAD" switch.

4. Next, check the validity of the setting by observing the
E14A lamps, they should be out.

5. Load the starting address (0030) by setting the required
SR switches, then, depressing "ADOR LOAD". Again check
the validity with the address lamps.

6. Once the proper starting address has been established,
the loading of the BOOTSTRAP may begin. Set the
contents of the first address on the proper SR's as
designated by the BOOTSTRAP (table 2-4).

7. Lift the "DEPOSIT" switch once, and only once, this will
insert the contents into the address and automatically
increment the address to the next address.

8. After loading the last content of the BOOTSTRAP, it is
advantageous to check the contents of the addresses for
errors. This is accomplished by, returning to the
starting address (0030), and depressing the "EXAM"
switch for each address.

9. Observe the memory address lamps and check to see that
they agree with the contents of the first address; if
they do, continue this procedure until the entire
program has been checked.

15l



10. Upon completion of the checks, return to starting
address (0030).

11. Set the SELECTOR switch to the "STATUS" position.
12. Go to 2.5.3.

TABLE 2-4. BOOTSTRAP PROGRAM

Field 0 Location Contents
-- W -003074'

0031 6032
0032 6031
0033 5032
0034 6034
0035 7010
0036 7701
0037 7004
0040 7420
0041 5030
0042 3000
0043 2042
0044 5030

2.5.3 Loading the AUSTRON 5000 Program

1. Load the bootstrap program as per section 2.5.2.
2. Check for validity and return to address 0030.
3. Place the SURVEY program tape into the 9845B tape drive (T15).
4. Type: LOAD "LOAD96:T15"
5. Press: EXECUTE

NOTE: Read steps 6-10 before proceeding.

6. When system-busy (RUN light) goes out press: RUN
7. When 3 beeps are heard depress the "CLEAR" then "CONTINUE"

switch on the PDP8/E. (You have 10 seconds before program
starts to load)

8. Observe run light and address lamps on PDP8/E. After a few
seconds, the address lamps should indicate 7675.

9. The PDP8/E addresses read 7777 and the RUN light is out when
the program is loaded.

10. The program takes approximately 30 seconds at 9600 baud and
12 minutes at 300 baud.

11. On PDP8/E load address 0200 after program is loaded.
12. Return to 9845B and place "SURVEY" program tape into tape

drive (TI5).
13. Type: LOAD "SURVEY:T15"
14. Press: EXECUTE
12. When system busy light goes out, press: RUN
13. "RUNNING" will appear in the display area on the CRT.
14. Return to PDP8/E and depress: CLEAR then CONT switch.

16



15. If the program has been loaded into the AUSTRON correctly the
following will appear in the display area o f the 9845 CRT.

AUSTRON SYSTEM 5000
LORAN-C MONITOR TEST VERSION 2/8/77

16. Press: SFK #8 (on-KBD)
17. "TELETYPE ON" will appear in display area
18. At this time, the Loran-C chain should be initialized using

the AUSTRON 5000 system commands (appendix A).
19. To transmit each command to the AUSTRON follow the below

procedure.
a. Type: Command you want to send i.e., DEF99600
b. Press: EXECUTE
c. The command will appear on the display as it is echoed

back from the AUSTRON
d. At this point, set the following: Clip, Date, Time,

TMCN (before TMCN is entered, go off keyboard and enter
DEBUG), etc.

e. When the AUSTRON is initialized and no more commands
need to be sent depress SFK#4 (OFF-KBD).

20. When all Loran-C stations are locked on and tracking (AT) a
report will appear in the display area in the following
format:

TABLE 2-5. AUSTRON REPORT

063 07:38:44 CHAIN 1
M AT 071 0015 02.94 36568.37
W AT 088 0372 02.93 51268.20 14699.83
X AT 060 0000 02.92 62704.05 26135.67
Y AT 082 0093 03.00 80563.86 43995.48
Z AT 096 0442 03.05 96703.73 60135.35

21. When all necessary stations are tracking you may begin data
collection

17



3.0 SYSTEM OPERATION

This section provides a description of the operation of the TOSS. The
following paragraphs assume that the TOSS has been installed and the AUSTRON
5000 program has been loaded into the POP8E (see section 2). Operation of the
TOSS is broken down into three subsections:

a. 3.1 Start-Up
b. 3.2 AUSTRON 5000 Control
c. 3.3 Data Collection

3.1 Start-Up

The general turn-on procedure is to load the program "SURVEY" into
the HP9845 and then start up the AUSTRON 5000 and Mini-Ranger. It is assumed
that the AUSTRON 5000 software is loaded into the PDP8-E memory. If not, see
Section 2 before proceeding further.

3.1.1 HP9845

- Turn power on
- Install "SURVEY" program cartridge in "T15"
- Load "SURVEY" Program
- RUN

3.1.2 AUSTRON 5000 SYSTEM

- Turn power on
- Allow 15 minutes warmup
- Start PDP-8 at Address 400
- Set AUSTRON using commands (see appendix A)

CLIP - 130
TMCN's - 50

- Set receiver to track all 5 stations (M,W,X,YZ)
- Press Debug SFK #27 - set only once after initial

loading of AUSTRON Program into PDP8-E

3.1.3 Mini-Ranger

- Turn power on
- Control settings for range console

Channel A - EXT, REF 1
Channel B - INT, REF 1
Display Rate - 060 degrees
NAV switch - NAV

3.2 AUSTRON 5000 Control

The AUSTRON 5000 is controlled by using several 9845B special
function keys (see figure 3-1) or by setting the HP9845 in the "teletype mode"
and using the standard AUSTRON 5000 comands.
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3.2.1 AUSTRON 5000 Related Special Function Keys (SFK's)

RPRT1 - Transmits a "RPRTI" message to the AUSTRON 5000
- Press: K19
- "RPRTl" followed by RPRT message will be printed

on the CRT or hard-copy printer
ACQI - Transmits a "ACQI" message to the AUSTRON 5000

- Press: K18
- Begins coarse acquisition on chain 1 with a gain

level of 96 db
TMCN - Transmits a "TMCM" message to the AUSTRON 5000

- Press: K20
- This command requires the operator to input the

TT4CN desired

3.2.2 Standard AUSTRON Commands

The HP9845 keyboard is configured in the teletype mode by
executing the ON-KBO special function key (KS). Commands to the AUSTRON are
entered via the keyboard as if it were a teletype (see appendix A for command
dictionary). The EXECUTE, CONT, or RUN key is equivalent to a carriage
return. When the keyboard is in the teletype mode, the only special function
key active is OFF-KBO (K4).

- Press: K8 (ON-KBD)
- "TELETYPE ON" appears on the display line
- Enter: AUSTRON 5000 command
- Press: EXECUTE, CONT, or RUN

The command and AUSTRON 5000 response is printed on the CRT
or hard-copy printer.

To exit teletype mode:

- Press: K4 (OFF-KBD)
- "TELETYPE OFF" appears in the display line

3.3 Data Collection

Data collection of both Mini-Ranger and Loran-C data or Loran-C data
only is initiated and controlled by special function keys:

Data Col (K21) - Data collection initialization. The type of data to be
collected (TD only or TD and Mini-Ranger), sample rate,
and data display are selected. Start and Stop are
enabled. If a graphics display is chosen, the display
is initialized.

Start (K25) - Data collection start. Starts the data collection
sequence. Samples are printed on the hard-copy printer
and selected data is plotted on the CRT.
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Stop (K26) - Data collection stop. (Do not confuse with a program
STOP.) Data collection sequence is stopped. The
graphics display is dumped onto the hard-copy printer
and a statistics summary table is printed on the
hard-copy printer.

Stats (K28) - Prints interim cumulative statistics calculations on
demand.

Sign (K29) - Inverts trilateral triangle when calculating position
from Mini-Ranger data. Used when Mini-Ranger baseline
is crossed during data collection.

Pause (0g) - Data collection pause. (Do not confuse with a program
PAUSE.) Data samples are not stored or displayed on
graphics. AUSTRON 5000 reports are printed on CRT.

Cont (K1O) - Data collection continue. (Do not confuse with program

CONT.) Cancels Pause commands.

3.3.1 Data Collection User Instructions

3.3.1.1 AUSTRON 5000 Setup. The AUSTRON 5000 must be
configured to track one chain with five stations. TMCN, CLIP, and TIME should
be checked and reset if necessary. A TMCN of 50 and a CLIP level of 130 is
recommended for all five stations. The master and secondaries of interest
must be in the track mode. Other secondaries may be "killed" using the
AUSTRON STOP command.

3.3.1.2 Initialization. Press K21. The following informa-
tion is requested:

REQUEST RESPONSE

Sample Period? Period in seconds, should be greater than 2
x TMCN/I0

Use MRS III? Y or N
Graphics plot? Y or N
Reference station name? File name, be sure tape is in "715"
Transponder location? B or C
Ranges to transponder 1 and 2? Ranges in KM
Use present graphics parameters? Y or N
Graphics parameters? X-AXES, Y-AXES, X-MIN, X-MAX, Y-MIN, Y-MAX,

X-Predicted, Y-Predicted, SLOPE
Type plot? 1, 2, or 3
CT/AT plot parameters? X, Y starting, X, Y stopping
XY plot parameter X, Y coordinates, operating range (KM)
Press START when ready? Hit START

NOTE: For SFK control explanation, see section 4.1.2.
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4.0 SOFTWARE

4.1 "SURVEY" Program Description

The program "SURVEY" consists of a main operating program and a set
of modular subroutines and subprograms which allow the user to control an
AUSTRON 5000 Loran-C Receiver and to sample, process and display data from an
AUSTRON 5000 (date/time, four TDs) and a Motorola Mini-Ranger (two ranges).
The program responds to interrupts and flags generated by special function
keys, I/O interfaces, the keyboard.

The program "SURVEY" evolved from the 9845A Terminal Emulator
program "LTMIN" and an early data collection program which did not provide the
capability to control the AUSTRON 5000. The inability to control the AUSTRON
with the HP9845 resulted in an additional terminal and added operational
complexity. The current program provides a convenient easy to use data
collection system with minimum components.

Figure 4-1 is a block diagram of the survey program and figure 4-2
is a flow chart of the main operating program. After initialization, the main
operating program cycles through a loop checking for the following (see figure
4-2):

a. Is the AUSTRON 5000 program patch to be inserted?
b. Is the keyboard to be switched from the teletype to

the calculator mode?
c. Has a message been received from the AUSTRON 5000?
d. Is there a message to be transmitted to the AUSTRON

5000?
e. Is a data collection run complete?

NOTE: The AUSTRON 5000 program patch is only inserted once after the AUSTRON
5000 program is loaded into the POP-8E.

End-of-line branches to subroutines and subprograms are directed by
special function keys, the RS-232 interrupts, the real-time clock, and the
keyboard (teletype mode, i.e., on KBD active). Special function key inter-
rupts are used to:

a. initialize data collection
b. start, pause, continue, and stop data collection
c. print statistics (intermediate results)
d. switch the keyboard to the teletype mode
e. generate AUSTRON 5000 commands: RPRTI, TMCN, ACQI

Interrupt service routines handle:

a. data input from the AUSTRON 5000
b. keyboard interrupts (teletype mode)
c. real time clock interrupts
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Dcom isr:

RS232 INTERRUPT
SERVICE ROUTINE

Kbd isr:

KEYBOARD INTERRUPT
SERVICE ROUTINE

MAIN OPERATING

PROGRAM t:

Initialization

Receive data handler IREAL TIME CLOCK INTERRUPT
Transmit data handler SERVICE ROUTINE
Data Processing

SFK INTERRUPT SERVICE

ROUTINES:

Data Coll:
Start:
Stop:\Pause:

Cont:
On kbd:
Off Kbd:
Stats:
AcqlI:
Rprtl :
TMCN:

FIGURE 4-1. DATA-COLLECTION PROGRAM BLOCK DIAGRAM
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START

INITIALIZE

LOOP:

INSERT AUSTRON 5000 (YES)
PROGRAM PATCH?

tr GET "DEBUG" MSG & SET
(NO) TRANSMIT FLAG

SWITCH KEYBOARD FROM TELETYPE (YES)

TO CALCULATOR MODE?I

I DISABLE KEYBOARD INTERRUPTS

(NO)

MESSAGE TO RECEIVE? (YES) l-wn
PROCESS MESSAGE

(NO) ANOTHER MSG? - (YES

(NO)

MESSAGE TO TRANSMIT? (YES)

I TRANSMIT MESSAGE

(NO)

DATA CCLLECT "STOP"? (YES)
PRINT SUMMARY STATS & DUMP
GRAPHICS

(NO) (YES) STORE ATA?

STORE DATA (NO)

FIGURE 4-2. MAIN OPERATING PROGRAM FLOW CHART
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4.1.1 Main Operating Program

The main operating program is divided into four sections:

a. initialization
b. receive data handler
c. transmit data handler
d. data processing

Each of these sections and the subprograms used in each
section are described in the following paragraphs. More detail on the subpro-
grams is provided by annotations in the program listing found in appendix D.

4.1.1.1 Initialization (See figure 4-3)

The initialization sequence of the program:

a. Defines and dimensions common variables (option
base 1)

b. Dimensions program arrays (option base 1)
c. loads SFK typ ing aids, e.g., "PRINTER IS 16",

"PRINTER IS d", "DUMP GRAPHICS", etc.
d. Initializes program variables
e. Defines SFK interrupts (see SFK Interrupt

Service Routines)
f. Sets up the RS232 interface variables between

the HP9845 and Austrom 5000
g. Opens the communications channel (RS232) between

the HP9845 and AUSTRON 5000 (see Data Communica-
tions Interrupt Service Routine)

h. Assigns Unit 2 of the Real Time Clock to output
port 2

Subroutines and subprograms used in the initializa-
tion sequence are:

SFK: This "SFK" program loads the SFK execution
command aids used in *t1T program.

Keys: This subroutine defines the end-of-line
branches for SFK interrupts.

Dcom-Setup (Err): This subprogram sets up the 98036
card on the select code passed in through the COM statement (220). If
Err is set to 1 upon exiting the subprogram, then the communications link
was not established. To change the parameters of bit rate factor,
parity, stop bits and bits per character, refer to the 98036A manual
concerning the R4C mode word.

2
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INITIALIZATION:

(200) SET OPTION BASE I

(210) DEFINE MASS STORAGE AS ":TIS"

(220) DEFINE AND DIMENSION COMMON VARIABLES

(230) DIMENSION PROGRAM ARRAYS*
(340) LOAD SFK DEFINITIONS

(360) DEFINE SFK INTERRUPTS4
(370) INITIALIZE VARIABLES4
(470) SET UP RS232 INTERFACE

(490) OPEN RS232 COMMS CHANNEL

(500) SET UNIT 2 OF REAL TIME CLOCK TO OUTPUT PORT 2

FIGURE 4-3. INITIALIZATION
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Dcom Err: This subroutine prints an error message
indicating problems in establishing the RS232 communications link.

Dcom isr: This subprogram is the data comm inter-
rupt service routine. It-monitors the channel between the HP9845 and
AUSTRON 5000 and constantly processes characters as they come in.
Get data (B$, prompt) acts as a front-end for this routing (see Receive
Datia Handler).

Debug (AS, Bug $(*), Bug com, Bug count): This
subprogram is implemented in the program's main operatTng loop but is
listed here since it is an initialization function. The subprogram loads
the AUSTRON program patch step by step into A$ from Bug $(*) until the
program modification is complete. When the line counter Bug_ count
reaches the last line, the flag Bug_com is reset.

4.1.1.2 Receive Message Handler (See figure 4-4)

Data messages from the AUSTRON 5000 are stored in a
circular buffer, DCOM$. (See Dcom isr Interrupt Service Routine). The
receive message handler checks for a message by detecting a start-of-header
(SOH) or carriage return (CR) character in DCOM$ (see Get data (B$, Prompt)).
Messages starting with a SOH character are strip chart data which the program
removes from DCOM$ and ignores. If the message is a teletype message (CR
detected) and data is not being collected the message is printed (default to
CRT). In the data collect mode, the program looks for a "RPRTI" message.
Date, time and TDs are stripped from each RPRTI message received (see Data
Processing). If master is not in the track mode, the sample is aborted. The
RPRT is printed on the CRT if the program is in the data collect "pause"
mode. Messages other than RPRT are printed on the hard copy printer (CRT
during "pause"). After a message is received the program checks for another
message in DCOM$ before continuing to the transmit data message handler.

Subroutines and subprograms used in the receive
message handler are:

FNDc ready: This function returns a 1 when a
carriage return (CR) or start of header (SOH) is detected in the data
comm buffer, OCOM$.

Get data (B$, Prompt): This subprogram gets a line
of data (B$) received from the AUSTRON 5000. The variable Prompt indi-
cates what type of data has been received. A 1 is returned if B$ is a
teletype message. A 2 indicates a complete strip chart message (10
characters). An incomplete strip chart message (less than 10 characters)
returns a 3.

4.1.1.3 Transmit Message Handler (See figure 4-5)

Messages to the AUSTRON 5000 are generated by
keyboard entries (teletype mode), special function keys (TMCN, RPRTI, ACQl),
and data sample requests (see Rtc Interrupt Service Routine). The transmit
message handler checks if a message has been generated from any of the above
sources. Messages are transmitted character by character with a 60 ms delay
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RECEIVE MESSAGE HANDLER:

(590) RECIvE:

(600) IS THERE A SON OR CR IN DCO,$ ? - (NO)--GO TO TRANSMIT

(YES)

(610) GET MESSAGE AN0 MESSAGE TYPE

(620) TELETYPE MESSAGE? - (NO)-- (CHEO FR ANOTHER MESSAGE)

(YES)i
(660) DATA COLLECT MODE?-(NO) -(90) PRINT MSG -(950) ANOTHER I 4SG OY?-iYES)

II (NO)

GO TO TRANS41T

(680) 8$-'RPRTI*? -- (YES)- (WAIT FOR REMAINOER OF RPRT)I
(NO)

(700) DATA COLLECT "PAUSE"?-(YES)8-(90) PRINTXER IS -(910) PRINT MSG

ANOTHER ,WSG?

I ~READY? I- (YES)

(NO) (T

(710) 0 SAGE? - (YES) --- (97) DATA:

(910) PRINT MESSAGE (980) INCREMENT DATA POINTER (o)

(990) Dp-p1-(YES)--(1150) STRIP TIME AND DATE

(NO)

(N;)(NO) (NO)

,,F--(YES)-(960) ANOTHER MSG ROY? (1000) I|-?- (YES) .-.-- (1060) MASTER TRA O(1F-.. - (YES.-s

I IGo TO AMS1T PRINT ERROR MSG
& ABORT SAMPLE (OPO)

(1010) STRIP Ms1 1(1030) C0MPLETE S MPLE? (NO) GO TO RECEIVE

(YES)

GO TO PROCESS

FIGURE 4-4. RECEIVE MESSAGE HANDLER
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(740) TRANSMIT:

(750) IS THERE A MESSAGE
TO TRANSMIT FROM
THE KEYBOARD? (YES

(NO) (800) GET MESSAGE1
(770) IS THERE A MESSAGE

TO TRANSMIT GENERAGED BY
(NO)- SFK OR DATA REQUEST?

(YES) (810) CLEAR FLAGJ (cursor)

(780) CLEAR FLAG (comand)

(830) TRANSMIT MESSAGE TO
AUSTRON 5000 CHARACTER
BY CHARACTER WAITING 60MS
BETW4EEN CHARACTERS

1
(860) TRANSMIT CARRIAGE RETURN

34
(870) IS STOP FLAG SET AND

ALL OF THE MESSAGE
PROCESSED? (NO)---GO TO RECEIVE

(YES)4
GO TO SUMMARY

FIGURE 4-5. TRANSMIT MESSAGE HANDLER
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between characters followed by a carriage return. The delay between charac-
ters is necessary to insure that the AUSTRON 5000 will consistently receive
the entire message.

Subroutines and subprogram used in the transmit
message handler are:

FNKbd ready: This function returns a 1 if CONT,
STORE, EXECUTE, or SFK 4 wis hit and the program is the teletype mode.
It indicates a SEND command when CONT, EXECUTE, or STORE are hit. It
switches out of teletype command when SFK 4 is hit. Hitting SFK 4 also
causes the COM variable Kbd to equal 0.

Get line (A$): This subroutine gets a line gener-
ated from the keyboard in the teletype mode to be transmitted to the
AUSTRON 5000.

4.1.1.4 Data Processing (See figure 4-6)

Data samples consist of date/time, four TDs, and two
Mini-Ranger ranges (optional). Up to 400 samples may be stored during a data
collection run. If 400 samples are reached, the program automatically stops
data collection. The samples are stored in sets of 100 to minimize magnetic
tape storage requirements. If Mini-Ranger data is collected, the program
computes the vessels xy position. Along and cross track distances are also
computed if they are to be displayed. Each data sample and computed position
(if Mini-Ranger data is sampled) is printed on the hardcopy printer. Cumula-
tive statistics for each TD (mean, standard deviation) are calculated after
each sample. Covariance, correlation coefficients, and regression line slope
are also calculated after each sample for each TO pair (wx, wy, wz, xy, xz,
yz). Three graphic plots are available (TO, xy, cross track/along track).
The plot desired is chosen by the operator during data-collect initialization
(see Data Call Interrupt Service Routine). The operator also has the option
of no graphic display.

At the end of a data collection run, the graphics
plot is dumped onto the hardcopy printer and a summary statistics tabulation
is printed. The operator is then given the option to store the data on
magnetic tape. All program-related files are stored and retrieved from the
right-hand tape drive while data is stored using the left-hand drive.

Subroutines and subprograms used in the data pro-
cessing section of the program are:

Triangle (Ra, Rb, Rc. A, B C) - This subprogram
computes the angles of a triangle (A, B, C} given the three sides (Ra,
Rb, Rc) using the law of sines. Ra is the baseline length between
reference stations; Rb and Rc are measured ranges. (See appendix G.)

Position (Zo(*), Alpha, Rc/l00, Sign, B, Z(*)) -
This subprogram computes the position of the vessel, Z(*), from
Mini-Ranger data. (See appendix G.)
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(1190) PROCESS:

(1210) INCIEMENT SAMPLE COUNTER

4
(1300) SAMPLE NO = 400? -(YES) - STOP DATA COLLECTION

(NO)

(1330) PRINT SAMPLE

i
(1390) STORE DATA IN SETS OF 100

(1720) COLLECTING MINIRANGER DATA? -(NO)

(YES)

(1800) CALCULATE POSITION

4
(1820) PLOTTING ALONG/CROSS TRACK? (NO)

I

(YES)4
(1850) CALCULATE ALONG/CROSS TRACK

(1890) CALCULATE CUMMULATIVE STATS
(if collecting miniranger data substitute
x&y for TDW and TDZ (1830)

(1900) CALCULATE CUMMULATIVE REGRESSION COEFFICIENTS

i
(1910) COLLECTING MINIRANGER DATA? -(NO)

(YES)i~s

(1930) PRINT RANGES, ANGLES, X/Y, CT/AT
-

(1940) STOP? (YES) - RESET DATA COLLECT FLAG
I

(NO)

(1950) PAUSE?- (YES) --- GO TO TRANSMIT
I(40)

(1960) PLOT DATA? -(NO)---w GO TO TRANSMIT

(YES)
f

(1990) PLOT DATA

FIGURE 4-6. DATA PROCESSING
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Stats (Td(*), Sample, Stats(*), Cov(*), O-Set(*)):
This subprograms computes cumulative statistics for four variables,
Td(*). The array Stats(*) contains the cumulative sum, sum of squares,
average and standard deviation for each variable minus the offset\ ( O-set(*)). The array Cov(*) contains the sum of cross products, covari-
ance and correlation coefficient for each pair of variables minus the
offset (O-set(*)). The array O-set(*) is the offset (i.e., the first
ample) subtracted from each sample to prevent computational errors.
e appendix H.)

Re9 (Stat(*), Cov(*), S(*), R(*), O-Set(*)): This
su rogram computes linear regression parameters for each pair of four
varables. Inputs to the program are the statistics arrays generated by
the tats subprogram (Stats(*), Cov(*), and O-set(*)). The array S(*)
cont ins a summary of the statistics for each pair of variables (mean and
stand d deviation). The array R(*) contains the regression line slope,
the sta dard deviation of the residuals, and the variable chosen as the
indepen nt variable for each pair of variables. The program picks the
variable ith the larger standard deviation as the independent variable
for calcul ing linear regression parameters. (See appendix I.)

~Disp-run (Td(*), Sample, Xmn, Xmx, Ymn, Ymx, Mp, X
axes, Y axes, .Fx, Pry', Cba, Lcb, "Cbo, Cbc, Lcb2, Lcb3, Stp, R(*)): T'his
_bprogram proviO.s a real 'time TD/TD p~lot and bar graph of regression

line residuals. ijable selection and graph parameters are input duringdata collect initial, zation (see Data-Coll Interrupt Service Routine).

The program also allo a predicted regression line to be displayed for
comparison with data coected.

Plot-c (Ct, At, Rdist, Sample): This subprogram
provides a real time display@,f vessel cross track (Ct) and along track
(At) position. Track end point are input during data collect initiali-
zation.

Plot-xy (Sample,-4'p-x, Wp-y, Z(*), Op r): This
subprogram provides a real time display f vessel position. Display
origin (Wpx, Wpy) and anticipated operatig range (Op _r) are input
during data collect initialization. -

Sumnary: This subroutine du the graphics display
onto the hardcopy printer and prints a summary stati ics table. Certain
program parameters are zeroed during this routine and t operator is
given the option to store the data on a magnetic tape cart *ge.

Create: This subroutine creates and stores~ta on
a data file large enough to accomodate the number of data samples c'l.
lected. Data is stored in sets of 100 to reduce file size requirements>
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4.1.2 Special Function Key Interrupts

There are two general sets of SFK interrupts in the program
"SURVEY". One set implements data collection functions. The other set is
used to control the AUSTRON 5000 receiver. (See figure 3-1.)

4.1.2.1 Austron 5000 Receiver Control

The SFK "ON KBD"(#8) converts the keyboard of the
HP9845 to the teletype mode. Keyboard strokes are stored in a buffer (Buf$).
Hitting the EXECUTE, STORE, or CONT key causes the contents of Buf$ to be
transmitted to the AUSTRON 5000. SFK "OFF KBD"(#4) returns the keyboard to
the calculator mode.

SFKs ACQl(#18), RPRTI(#19), and TMCN(#20) cause the
corresponding commands to be transmitted to the receiver. The TMCN command
requires the operator to input the TMCN desired.

The following subprograms and subroutines are
utilized to implement receiver control functions:

ON-Kbd (2400). This is the service routine for
SFK#8 "ON KBO". It executes the ON KBD statement and sets Kbd = 1.
Kbd-isr is the ON KBD service routine.

Kbd isr (4980). This subprogram is the keyboard
service routine. It is -esponsible for acting upon keystrokes entered by
the user. This routine defines SFK#4 (OFF KBO) to reset the flag, Kbd,
which causes a branch to the Off-kbd routine in the main operating
program. Note: All other keyboard interrupts are inactive with the
keyboard in the teletype mode. The subprogram Get-line (A$) acts as a
frontend to this routine.

Get line(A$) (5670). This subprogram gets a
line from the keyboard into T$. The line is then transmitted to the
AUSTRON 5000. See the Transmit Data Handler section.

FNKbd ready (6250). This function returns a I
if CONT, EXECUTE, STORE, or SFJ(#4 (OFF-KBD) was hit. CONT, EXECUTE, or
STORE initiate a transmit command. SFK#4 switches the keyboard back to
the calculator mode.

Off-Kbd (2440). This is the service routine for
SFK#4(OFF-KBD). It switches the keyboard from the teletype to the
calculator mode by executing the OFF KBD command and sets Cursor=l
(cancels the transmit command).

RPRT1 (2260), ACQI (2200). These routines
service SFKs #19 and #18 respectively. "RPRTI" or "ACQi" are loaded into
the transmit variable A$ and the transmit flag, "Comand," is set.
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TMCN (2310). This routine loads the TMCN
command for each station into the transmit variable A$ and sets the
transmit flag, Comand. The routine requests the desired TMCN and sets
all stations to the same value.

Debug (4870). This routine inputs the program
patches into the AUSTRON 5000 that are necessary to modify the system for
use in an aircraft or vessel.

4.1.2.2 Data Collection Functions

The following data collection functions are imple-
mented using SFK interrupts:

a. data collection initialization
b. data collection start
c. data collection stop
d. data collection pause
e. data collection continue
f. print data statistics
g. change Mini-Ranger fix geometry

Initialization (SFK#21). Data-coll (2500) is the
data collect initialization service routine for SFK#21, DATA COL.
Figures 4-7A and 4-7B contain the flow chart for Data coll. The main
functions of this routine are to initialize variables- set the data
sampling period, input Mini-Ranger reference station data (if being
used), and initialize the graphics plot (if data is to beplotted). The
routine is bypassed if the program is already in the data collect mode.

The program assumes Mini-Ranger reference station
numbers 1 and 2 are being used. If another pair is used, line 2640 must be
changed to indicate the proper status.

Data Collection Start (SFK#25). Start (3640) is the
data collect service routine for SFK#25, START. The routine is bypassed
and an error message displayed if the program is already in the data
collect mode or data collection has not been initialized. The routine
sets up a real time clock interrupt branch and sets the real time clock
to interrupt the program at the sample interval input during initializa-
tion. (See Real Time Clock Service Routine)

Data Collection Stop (SFK#26). Stop (3780) is the
data collection stop service routine for SFK#26, STOP. The routine is
bypassed if the program is not in the data collection mode. The
real-time clock interrupt is disabled and the stop flag (Stp) is set.
Detection of the Stop flag in Main Operating Program (See Main Operating
Program) in the data collection mode causes a branch to the subroutine
summary (4080). This routine dumps the graphics plot (if data pllbtted)
onto the hard-copy printer, prints a statistical summary of the data,
clears the data collection flags, and requests if the data is to be
stored on magnetic tape. An affirmative response causes a branch to the
subroutine create (4590) which creates a data file large enough to
accommodate the number of sets of data collected and stores the data.
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START

(2510) SET MASS STORAGE TO T15

(2520) DISABLE REAL-TIME CLOCK INTERRUPTS

(2530) SET DEGREE MODE

(2540) COLLECTING DATA ALREADY? -(YES) -aPRINT ERROR MESSAGE

(NO) '

(2560) INITIALIZE VARIABLES RETURN

(2910) PRINT RECOMMENDED SAMPLE INTERVALS

(2960) INPUT SAMPLE PERIOD

(3020) INPUT "USING MRS III?"

(3030) USING MRS III?.(O Rl
(YES, MRS = 0)

(306) IPUT EFEENC STAIONFIL
(3060) INPUT REERENCE STATION FILE

(3100) PRINT REFERENCE STATION FILE DATA

(3190) CACLTE RANGE AND AZIMUTH
BETWEEN REFERENCE STATIONS

(3240) INPUT LOCATION OF #1
TRANSPONDER

(3290) INPUT APPROXIMATE RANGES TO
TRANS PONDERS

(3300) INPUT "GRAPHIC PLOT?"

FIGURE 4-7A. FLOW CHART DATACOL

356



(A)

(3310) GRAPHICS PLOT? (NO)

(YES)

(NO) (3320) USING MRS III?€4
(YES)

(3330) INPUT TYPE OF PLOT DESIRED

(3520) LO6AN-C (3350) CROSS/ALONG TRACK (3490) xy

(3350) INPUT START/STOP PuINT (3500) INPUT WAYPOINT x,y
AND OPERATING RANGE

(3530) INITIALIZE I
TD PLOT

(3390) CALCULATE COURSE ANGLE
AND DISTANCE (3560) INITIALIZE

IXY 
PLOT

(3580) INITIALIZE CT/AT PLOT

(3600) PRINT "HIT START WHEN READY"

RETURN

FIGURE 4-7B. FLOW CHART (cont) DATA COL
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Data Collect Pause (SFK#9). Pause (4340) is the
data collect pause service routine for SFK#9, PAUSE. This routine is
bypassed and an error message displayed if the program is not in the data
collection mode. The routine sets the pause flag (Pause), exits graph-
ics, and displays "YOU ARE AT A PAUSE" on the CRT. If the pause flag is
detected in the main operating program (See Main Operating Program),
RPRTI messages from the AUSTRON 5000 are printed on the CRT and are not
processed as data.

Data Collect Continue (SFK#10). Continue (4440) is
the service routine for SFK#10, CONT. This routine is bypassed and an
error message is displayed if the Pause flag is not set. The routine
clears the Pause and returns graphics.

Stats (SFK#28). Stats (4560) is the service routine
for SFK#28, STATS. The routine prints a summary tabulation of the
statistics calculated for each TO.

Sign (SFK#29). Sign (2360) is the service routine
for SFK#29, SIGN. This routine changes the sign the variable "Sign" used
in position calculations (See Appendix G).

4.1.3 Real-Time Clock Interrupt

Interrupts from the real-time clock (HP98035A) are used to
generate sample requests from the Mini-Ranger and AUSTRON 5000. The sample
interval is set during data collect initialization and real-time clock inter-
rupts are enabled with the data collect start command. Rtc is the real-time
clock service routine. Figure 4-8 is a flow chart of Rtc. The routine
executes a BEEP to indicate a sample sequence has been initiated. A timeout
of 3 seconds is set for Mini-Ranger data. If the 3-second time limit is
exceeded a "Timeout ERROR" message is printed and the sample is aborted. If
Mini-Ranger data is being collected, the two ranges are sampled sequentially.
The samples are compared to the previous sample (estimated ranges for the
first sample) and if the difference is greater than 1000 meters, the sample is
rejected. If the samples are within bounds, a TD sample is requested from the
AUSTRON 5000 and the real-time clock interrupt is reenabled.
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(3830) RTC:

(3840) BEEP

1
(3850) RESET DATA POINTER

(3860) SET TIMEOUT INTERRUPT
FOR MINIRANGER TO 3 SEC

(NO) (3880) USING MINIRANGER?
(YES)

1
(3900) SAMPLE RANGE 1

(3930) SAMPLE RANGE 2

(3950) ARE RANGES WITHIN 1O00M (NO)
OF LAST SAMPLE?

(YES)

PRINT
(3990) SET A$="RPRTI" AND "RANGE ERROR"

SET TRANSMIT FLAG (COMMAND=1)

(4010) REENABLE REAL-TIME CLOCK GO TO TRANSMIT
INTERRUPT (NOTE: A$='"' AND

I COMMAND=O)

(4020) GO TO TRANSMIT (REQUEST
SAMPLE FROM AUSTRON 5000)

FIGURE 4-8. RTC FLOW CHART
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5.0 PROGRAM OPERATING INSTRUCTIONS

5.1 Preliminary Data Collection Steps

Prior to actual data collection verify that all preliminary steps
and initialization parameters have been set.

1. Enter vessel program patches (done once after reloading
AUSTRON program)

2. Set time on AUSTRON 5000
3. Set Real Time Clock (optional)
4. Set AUSTRON 5000 parameters:

TMCN 50
CLIP 130

5. Verify all essential LORAN-C signals are locked on and
tracking (one chain with (5) stations defined; master and
secondaries of interest locked on).

5.2 Detailed "Survey" Program Instructions

1. Insert the survey program cartridge into the primary transport
"T15" (i.e., the transport above the special function keys).

2. Load the file:

a. Type: LOAD "SURVEY:T15"
b. Press: EXECUTE

3. Start the program:

a. Press: RUN

4. "RUNNING" will appear in the display area.

5. At this point, the 9845B computer is in the passive mode and
any messages generated from the AUSTRON 5000 will appear on the CRT display.

a. If the AUSTRON 5000 is initialized and locked onto all
Loran signals desired, you are ready to initialize the data
collection mode of operation.

b. Insure that the AUSTRON 5000 is not setup to send back
repetition RPRT's (e.g., command'-AISTRON, "RPRT 1,K").

6. Data collect initialization:

a. Hold SHIFT key down
b. Press: SFK21 (DataColl)

7. When a sample period table appears in the display area:

a. Enter: The sample period (time between samples) you desire
according to the TMCN used.

b. Press: CONT
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8. When "Are you going to use MRSIII" appears in the display area:

a. If you are not going to use the MRSIII:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 13

b. If you are going to use the MRSIII:
(1) Enter: Y
(2) Press: CONT

9. When "Input the reference station file name?" appears in the
display area:

a. Enter: The letters for the file that sets the reference
coordinates for the area under calibration.

NOTE: Files for NY are AMBROL
OUT-L
OUT-M
WARD
RARN

b. Press: CONT

10. The reference data will be printed on the thermal line printer.

11. When "Input location of transponder #1, B or C?" appears in the
display area:

a. Enter: The letter which indicates where Rl transponder is
located (NOTE: Use the reference data printed out in Step
11).

b. Press: CONT

12. When "Enter approximate ranges to transponders #1 and #2, in
kilometers (+0.5 km)" appears in the display area:

a. Enter: Ranges in kilometers separated by a comma (i.e.,
1500, 2200).

b. Press: CONT

13. When "Do you want a graphics plot?" appears on the display:

a. If you do not want to plot data:
(1) Enter: N
(2) Press: CONT
(3) Go to Step 38

b. If you want to plot data:
(1) Enter: Y
(2) Press: CONT
(3) If using mini-ranger, go to Step 26
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14. The graphics parameters will appear in the display area.

15. When "Are the graphics parameters displayed above correct?"
appears in the display area:

a. Enter: Whether you want to use the graphic parameters
indicated or input new ones.
(1) If you want to use the parameters indicated:'

(a) Enter: Y
(b) Press: CONT
(c) Go to Step 36

(2) If you want to enter new parameters:
(a) Enter: N
(b) Press: CONT

16. When "Input what you want on the X-axes?" appears in the
display area:

a. Enter: The number representing the station you want to be
plotted on the X-axes.

b. Press: CONT

17. When "Input what you want on the Y-axes?" appears in the
display area:

a. Enter: The number representing the station you want to be
plotted on the Y-axes.

b. Press: CONT

18. When "Input X-MIN?" appears in the display area:

a. Enter: The minimum value expected for the TD to be
plotted on the X- ;<es.

b. Press: CONT

19. When "Input X-MAX?" appears in the display area:

a. Enter: The maximum value expected for the TD to be
plotted on the X-axes.

b. Press: CONT

20. When "Input Y-MIN?" appears in the display area:

a. Enter: The minimum value expected for the TD to be
plotted on the Y-axes.

b. Press: CONT

21. When "Input Y-MAX?" appears in the display area:

a. Enter: The maximum value expected for the TD to be
plotted on the Y-axes.

b. Press: CONT
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22. When "Input X-PREDICTED?" appears in the display area:

a. Enter: The plot origin for the TO to be plotted on the
X-axis (e.g., predicted waypoint).

b. Press: CONT

23. When "Input Y-PREDICTED?" appears in the display area:

a. Enter: The plot origin for the TO to be plotted on the
Y-axis (e.g., predicted waypoint).

b. Press: CONT

24. When "Input predicted SLOPE?" appears in the display area:

a. Enter: The value corresponding to the predicted slope
line.

b. Press: CONT

25. At this point, you go back to Step 14 to check what was entered.

26. When "Input type of plot desired?" appears in the display area:

a. Enter: The number 1, 2, or 3 for the type of plot you
want.

b. Press: CONT
c. If TD plot, go to Step 14.
d. If cross/along track plot, go to Step 27.
e. If x,y plot, go to Step 32.

27. When "Input the co-ordinates of the starting point?" appears in
the display area:

a. Enter: The start point (km) for the trackline for
along/cross track calculations.

b. Press: CONT

28. When "Input the co-ordinates of the stopping point?" appears in
the display area:

a. Enter: The stop point (kin) for the trackline for
along/cross track calculations.

b. Press: CONT

29. The start and stop points and course and range between points
will be printed on the thermal line printer.

30. At this point, the CRT will be initialized with the cross-
track/alongtrack graphic parameters.

31. Go to Step 38.
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32. When "Input the waypoint coordinates?" appears in the display
area:

a. Enter: The xy coordinates (kin) for the waypoint (or point
of interest).

b. Press: CONT

33. When "Input the operating range about the waypoint in kilome-
ters?" appears in the display area:

a. Enter: The operating range about the waypoint (or point
of interest) in kilometers.

b. Press: CONT

34. At this point, the CRT will be initialized with the xy graphic
parameters.

35. Go to Step 38.

36. The graphic parameters will be printed on the thermal line
printer.

37. At this point, the CRT will be initialized with the TD graphics
parameters.

38. "Hit start when ready" will be printed on the thermal line
printer.

NOTE: At this point, the vessel should be positioned at the data collection
starting point.

39. When you are ready to start collecting data samples:

a. Hold SHIFT key down
b. Press: SFK 25 (STRT)

40. A beep will be heard at which point the data collection sample
heading will be printed on the thermal line printer along with the start time
and first data samples characteristics.

41. The graphics cursor will continue to move to the updated sample
location and a beep will be heard as each sample is collected.

42. The updated samples will be printed and plotted until you stop
or pause data collection.

43. At this point, the data collection program is controlled by the
special function keys. Commands explained in Section 4.1.2.2.
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44. Select any one of the following SFK control keys by:

a. Press: SRK 9 PAUSE Go to Step 46
SFK 10 CONTINUE Go to Step 42

b. Hold down the SHIFT key.
Press: SFK 26 STOP Go to Step 49

SFK 28 STATS Go to Step 47
SFK 29 SIGN Go to Step 48

45. The graphics display will be removed from the CRT and "you are
at pause" will appear on the display. The samples will be displayed on the
CRT vice being printed on the thermal line printer.

46. At this point, Austron reports are printed on the CRT and not
processed. You have to go to CONTINUE mode in order to resume data collection
and graphics.

a. Go to Step 43

47. The statistics based on the number of samples collected at that
time will be printed out on the thermal line printer.

a. Go to Step 43

48. The value of (sign) will be shifted to the value 1 if it was -1
and vice versa. This is changed depeniding on which side of the baseline (B to
C) the vessel is located.

a. The new value will be printed on the thermal line printer.
b. See appendix G for reference triangle calculations.
C. Go to Step 43.

49. The graphics plot will be dumped on the thermal line printer.

50. The final statistics will be printed on the thermal line
printer.

51. When "Do you want to store Data YIN?" appears in the display
area:

a. If you don't want them stored on tape:
(1) Enter: N
(2) Press: CONT
(3) At this point, go to Step 4, Passive Starting

Mode.
b. If you want themi stored on tape:

(1) Enter: Y
(2) Press: CONT
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52. When "If you have data storage tape in JTl4 then -CONT" appears
in the display area:

a. Insert a data cartridge into the optional transport "T14"1
(i.e., the transport above the typing function keys).

b. Press: CONT

53. When "Input file name?" appears in the display area:

a. Enter: Six characters representing the name of the file
in which you want to store the data collected.

b. Press: CONT

54. The storage information will be printed on the thermal line
printer and the data stored on magnetic tape.

a. Program returns you to Step 4, Passive Starting Mode.
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SYSTEM COMMANdS

1. The following commands are used by the control station
operator and the maintenance technician in the operation
of the CDFO-5OO0 system.

ACQ Coarse Signal Acquisition
ADD Add a station to a defined chain
AVG Average Time Modifier
CAL Acquire or Kill the Calibration chain
CD Cycle Deviation (Envelope Number Deviation)
CLIP Signal Sampling Clipping
CN Cycle Nominal (Envelope Number Nominal)
CYCR Cycle Correction Factor
DATE Enter Day-of-Year (Julian Date)
DD Delay Deviation (Time Delay)
DEF Chain Defination
DN Delay Nominal (Time Delay)
DUMP Dump Acquisition Table
GD Gain Deviation
GN Gain Nominal
EL Release a Chain or Channel

RFRT Report of Chain Status
SMYL Station Sample Time (Time-of-Arrival)
STOP Stop a station tracking
STRT Start a station tracking
TiME Time-of-day
TMCN PLL tracking time constant
USE System Usage
*Enter-comments on log
# Line erase

Character erase

2. The following commands are used exclusively by the control station
operator:

OUT Strip Chart Output
ZERO Strip Chart Centering

3. The following command is used exclusively by the maintenance
technician:

DSP Front Panel Display

4. The following commands are used when the CDFO-5OOO is used by
more than one control station:

DENY Deny Master Request
MSG Message
?.TR Request Master Control
RFMK Report Mask Definition
WTM4 Write Mask Defination

7 '
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"ACQ" - Coarse Signal Acquisition

Signal acquisition with the LORAN-C MONITOR is completely
automated. A phase correlation is performed, and coarse sample times
are selected from the correlation table using the deta supplied in
the CH.AIN DEFINITION ("DEF") command. A fault message will be prepared
if any of the s.ations do not appear in the correlation table. A front-
of-pulse search determines the bevining of LORAN-C energy for each
station. Tracking is assumed a few cycles back in the pulse, where a
zero-crossing is found and a suitable gain level is determined;
standard track point search follows. Once the proper track point is
found, this computation is verified. Should the verification indicate
that something has gone wrong, the acquisition will be automatically
re-tried once. A '"WAIT" period allows for signal settling, at which
time "NO.MTNALS" are gathered for error checking. Once all stations
are in the track mode, a report will be forwarded tQ those control
points which are to receive a report.

TNPUT:

ACQ (SPACE)(CHAIN NUMBER),(OPTIONAL GAIN VALUE TO BE USED DUPING
COARSE ACQUISITION...default 96 db)

EXATLE:

ACQ 1 cr. Begin coarse acquisition on chain I with a
gain level of 96db.

ACQ l,5O cr Begin coarse acquisition on chain 1 with a
gain level of 50db.

CHCKS:

- Chain must be defined.

- Control point must have "WRITE" access
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"ADD" - Add a Station to a Defined Chain

The "ADD" command may be used to add a LORAN-C station to a
chain that has been previously defined. Only control points
specified by the "WRITE" mask for the chain may alter the chain
definition with the "ADD" command. After a new station has been added
to a chain, its sample strobes must be positioned on the pulses with
the "SMP'L" conmand before the station tracking can be initiated with
the "STRT" command.

ADD (SPACE) (:HAIN NUMBER)(COtA)(STATION NAME) (COMA) (STATION T.D.) cr

EXA.TLE:

ADD 1,W,15515 cr Add a secondary named "WHISKEY" to chain 1 with
an approximate time delay of 15515 microseconds.

CHECKS:

- The chain .ust be defined.

- Control point must have "WRITE" access to- the chain.

- The CALIBRATION chain may not be added..it may be re-defined.

- All checks for CHAIN DEFINITION (DEF) apply.
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"AM" - Averaging Time Modifier

The averaging times for all of the LORAN-C monitor control
routines (except for phase tracking, see TIMCN) are based on the
"AM,"t numbers. The averaging time is modified by the computer
based on the noise number to provide optimum performance under
varying noise conditions. The averaging time modifier for each
station is independent of other stations' modifiers, and as such,
allows precise control over the automated, adaptive routines.

TNPUT:

AIYG (SPACE)(CHAIN NTTMBER) O%'42MA) (STATION NAME)

Read the value of the average time modifier.

AIM (SPACE)(CHAIN NUMER) (7o1MA) (STATION NAME) (COMEMA)(VALUE)

Entering the value for the average time modifier.

EXA !PLES:

AIM 1,M Read the value of the time modifier for master of chain 1

A 1,M,2
Enter a value of 2 for master of chain 1

NOTE: AVjRAGING TI (Rate X N) X 2value

N a constant

CWECKS:

- Chain and station must be defined.

- Control point must have "WRITE" access.

- Value entered must be between -1 to 5

- *NOTE* CG-222 states the AVG value be set to 2
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"CAL" - Acquire or Ki.ll the Calibration Chain

TVe calibrator input may be switched inot the system at any time

by the ,4ASM" control Doint. The LORAN-C monitor will acquire the

calibration chain (previously 
defined with the "DEF" command), and

prepart a report when 
all stations on the chain have 5 ttled at the

normal track Point, Further reports may be requested at "his time.

Nor-al tracking can be resumed on command by the ,MASTER" control

point.

INPUT:

CAL cr Begin calibration mode

CAL K cr Terminate calibration mode

CAL cr

After the calibrator signals 
have been acquired and

the PLL's are in the track mode, 
the processor will

print a status report.

CHECKS:

- Only the "MASTrR" control 
point can control calibration.

- Calibration chain must be 
defined
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"CD" - Cycle Deviation

The threshold for error monitoring of the envelope tracking is
determined by an excursion beyond */- one deviation quantum from
the nominal envelope number (in cycle numbers). The envelope deviation
setting for a station may be read by any control point, or may be
altered or set by the "MASM1R" control point. A deviation value of
zero BMPASS-S the "envelope out-of-tolerance" error checking.

INPUT:

CD(SPACE)(CArN NTT.rh .R)(COM!A) (STATION NAME) cr

Read out the deviation setting for a station

CD (SPACB)(CHAIN NJUM1ER)(!OA(SA7ION NAME)(COM!4A) (VALUE) cr

Assign a deviation value for a station

EXA q L.:

CD !,M cr Read out cycle deviation for Master of chain 1

CD 1,M,0.5 Enter a value of 5 microseconds deviation for
master of chain 1.

CD l,M,$ Terminate cycle deviation alarm limits for
Master of chaLn 1

CHCKS:

- Chain and channel referenced must bedefined.

- If new cycle deviation number is being entered:

- Control point must be the "MASTER" control point.

- Value entered must be less than 50 microseconds.

- CG-222 says CD should be set to a assigned tolerance.
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"CLIP" - Signal Sampling Clipping

Amplitude limiting of large signals is accomplished by using the
"CLIP" comand. Averages of the samples are gathered by the hardware
(phase, amplitude, and cycle) are constantly updated. Should samples
be received which are larger than the clipping level, these samples
will be forced back to the respective clipping limits. The clipping
operates symmetrically about the nominal value of the sample being
clipped. For phase samples, this nominal value is 0, however for the
cycle and amplitude samples the nominal values are approximately 112
and 128 units. The clip command is very effective in reducing servo
tracking jitter caused by impulsive type noise and cross-rate signals.
As a general rule, clip levels of less than 100 should not be used since
this may adversely affect tracking performance of the PLL's.

INPUT:

CLIP (SPACE)(CHAIN NUMBER)(COMMA)(STATION NAME) cr

Read out clipping level for a station

CLIP (SPACE) (CHAIN NUM3ER) (CO!1 A) (STATION NAE) (CO%'IA) (VALUE) cr

Enter a clipping value

EXA'IT LE:

CLIP 1,M cr Read clipping level for Master of chain 1

CLIP 1,M,130 cr Enter clipping level of 130 units for master
of chain 1

CHECKS:

- Chain and station referenced must be defined.

- If new clipping level is being entered:

- Control point Must be the "MASTER" control point.

- CG-222 says that if you use the CLIP commnand th, value entered
must not be less than 130.
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"CN" - Cycle Nominal

The "nominal,, cycle number for a station is initally set for each
station during the "wait" period of acquisition. This nominal value
may be read by any control point, or may be altered by the "MASTER"
control point. The nominal, in conjunction with the deviation
command (see Cycle Deviation), controls the error reports for
a station.

INP UT:

CN (SPACE)(CHAIN NUMBER) (COMMA) (STATION NAM) cr

Read out nominal cycle number for a station

CN (SPACE)(CRAIN NU1M9R)(COMMA) (STATION NAME)(COMMA)(VALUE) cr

Enter a cycle nominal for a station

EXAMPLE:

CN 1,M cr Read out cycle nominal for Master of chain 1

C1' 1,M,3.00 cr Enter a cycle nominal of 3.00 for Master of
chain 1

CHECKS:

- Chain and channel referenced must be defined.

- If a new cycle nominal is being entered:

- Control point must be "MASTER" control point

- Value entered must be less than 5 cycles
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"CYCR" - Cycle Correction Factor

A correction for RF delay for each station may be entered. The
number entered alters the envelope number (in cycles) for the
appropriate station. The correction allows calibration of the system
for measurement of ECD (Envelope-to-Cycle Difference) for each station.
The cycle correction may be read by any control point.

INPUT:

C CR (SPACE)(CHAIN NUMR) (CO14A) (STATION NAME) cr

Read out the current value of CYCR

CYCR (SPACE)(CHAIN NUMBER)(COMMA)(STATION NAME)(C0.02)(VALUE) cr

Enter a value for CYCR

EXA MFLE:

C!CR 1,M cr Read out current CYCR for Master of chain 1.

CYCR 1,M,0.99 cr Enter a CYCR value of 0.99 for Master of
chain 1.

CHECKS:

- Chain and channel referenced must be defined.

- If entering a new value:

- Control point must be the "MASTER" control point.

- Values entered must be greater than 0 but less th-n 1.99.
Value of 1.00 - no correction.

9
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"DATE" - Enter day of year

The "DATE" command allows entry of the day of the year. The day-of-
year and time-of-day are affixed to several processor outputs. Any control
point may demand the day-of-year and time-of-day by use of the "TIME"
query. The day-of-year is incremented at midnight (2:00:00), and is
reset to 1 after day 366. The day clock can only be manually reset by
the "MASTER" control point.

INUT:

DATE (SPACE)(DAY-OF-vEAR) cr

Enter day-of-year. (time remains unchanged)

-7' LE:

DATE 33 cr Enter day-of-year for February 2.

CHECKS:

- Day-of-ysur must be a numeric entry, between 1 and 366.

- Control point must be the "MASTER" control point.
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"DD" - Delay Deviation

The threshold for error monitoring of time difference data is
deter.ined by an excursion beyond +/- one deviation quantum from the
nominal time difference (in microseconds). The time difference
deviation setting for a secondary station may be read by any control
point, or may be altered or set by the "MASTER" control point. A
deviation value of 0 BYPASSES "time difference out-of-tolerance"
error checking.

I INUT:

DD (SPACE) (CHAIN NUTMBER) (COMMA) (STATION NAME) cr

Read out deviation for a station

DD (SPACE)(CHArN NUMBER)(CO MA)(STATION NAME)(COMMA)(VALUE) cr

Enter a new deviation value for a station

EATiLE:

DD 1,X cr Read out delay deviation for Xray of chain 1.

Dr l,X,O.l Enter a delay deviation for Xray of chain I of
100 nanoseconds.

CHECKS:

- Chain and channel referenced must be defined.

- Station referenced must be a secondary station.

- If new values are entered:

- Control point must be the "MASTER ,, control point.

- Value entered must be less than 32 microseconds.

- CO-222 states DD to be set at 100 nanoseconds
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"DEF" - Chain Definition

The define (DEF) command may be used by any control point to
enter a LORAN-C chain in the system usage table. All information
pertaeient to future use of the LORAN-C chain is entered with this
command.

Once the program has determined that the input line if free of
syntax errors, a "CHAIN NUMBER" is assigned (1 through 4). The
operator assigns a one-letter name to each statinn of the chain (the
MASTER is implicitly assigned "M" when you define the rate), which,
along with the chain number, is used to uniquely identify each station.

There is also a space reserved for the "calibrate" chain. The "MASTER"
control point must define this chain prior to any calibration checks.

Protection for the chain against unauthorised tampering by other
control points is provided by specifying those control points which
may "WRITE" or change data for a chain, and control points which
receive reports about a chain's activity. These specifications are
initialized to all control points for "report", and the control point
which defined t e-chain for "WRITE". (The "write" mask for the
calibrate chain cannot be reassigned.)

If the definition is accepted, the number assigned to the chain will
be output, along with the number of chains and channels now in use.

The order in which chains are entered into the system makes no
difference in the manner in which they will be tracked or in the quality
of the Time Delay tracks. Their position on the oscilloscope selector
switch willbe in the order that they are defined.

INPUT:

DEF (SPACE)(GRP in usec)(comma)(SECONDARY #1 NAME)(COMMA)(SECONDARY
NUMBER 1 APPROXIMATE T1T DELA)(COfA) (SECONDARY #2 NAME)(COM21A)
(SECONDARY 2 APPROXIMATE TIME DEIAY) etc..

DEF (SPACE)(C)(CONM&)(STA NAME)(COMMA)(STA TIME DELAY)(COMMA)
(STATION NAE)(CO M)(STA TI M DELAY)

EXAMPLE:

DEF 996 00,W,l5515,X,2702,Y,h43 851,Z,59915 cr

Enters data for loran rate 9960

DEF C,60OO0,,20OO0,B,0000 cr

Enters data for the calibrator chain
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"DEF"

CHECKS:

Non-calibration chain:

There must be an unused chain (maximum chain number * 4)

There must be an unused channel for each station in the
definition. (M2ster occupies a channel and maximum channel
usage - 8)

The GRP entered must not be that of a previously defined

chain.

Calibration and non-calibration:

The C R entered must be positive.

The OR? entered must be less than 131,072 usec.

All time delays must be positive

All time delays must be less than .131,072 usec.

All time delays must be equal to/less than 1 GRP.

Each station must be at least 10000 us from every other
station on the chain.

The names entered may not be repeated on a given chain
(remember the MASTER station is assigned the letter "IM"
when you define the Loran rate).

Calibration only:

There must not be more than 3 channels.

Calibration definition may only be done by the "%MASTER"
control point.
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"DN" - Delay Nominal

The nominal time delay for a secondary is initiall set during the
"wait" period of acquisition. This nominal value may be read by any
control point, or may be altered by the "master" control point. The
nominal, in conjunction with the deviation command (see Delay Deviation),
controls the error reports for a station.

INPUT:

DN (SPACE) (CHAIN NT MR) (COMMA) (STATION NAME) cr

DN (SPACE, (CHAIN NUMM) (COMMA) (STATION NAME) (COM A) (VALUE) cr

EXA:I I:

DN 1,X cr Read out the delay nominal for Xray of chain 1

DN 1,X,270L2.2L Enter a nominal for Xray of chain 1 of 270L2.24 usec

CHECKS:

- Chain and channel referenced must be defined.

- Station referenced must be a secondary.

- If new delay nominal is being entered:

- Control point must be the "master" control point.
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"DINPI" - Dump Acquisition Table

A table of correlation values and times of arrivals produced for
every chain during acquisition. This table provides information about
station signal quality and time-of-arrival. The correlation number of
6 4 indicates good signal quality. The correlation number has a range of
25 to 6L. This table may be printed at any time following acquisition,
and can be used for manual signal acquisition. Since the receiver's
internal oscillator drifts slowly with time, the dump table values will
eventually become invalid.

INPUT:

DUMP (SPACE)(CiAIN NUMIBER) cr

EXAMPLE:

.DUMP 1 cr Print chain i's acquisition table

CHECK:

- "Chain Number" must be defined

- "Chain Number" has completed phase one of acquisition

(coarse acquisition)

- Information obtained from a dump table

- Station identification (Master or Secondary)

- Signal Quality

- Times-of-Arrival (TOA)
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"GD" - Gain Deviation

The threshold for error monitoring o' AGC levels is determined by an
excursion beyond +/- deviation quantum from the nominal gain (in dB).
The gain deviation setting for a station may be read by any control
point, or may be altered by the "master" control point. A deviation
value of 0 bypasses error checking for AGC-level out of tolerance.
3ain deviations of less than 5 should not be used since gain error
messa .es may occur during station blink.

INPUT:

GD (SPACE)(CHATN NrUBER)(COKMtA)(STATION NAME) cr

GD (SPACE)(CHAIN NUMBER)(COMMA)(STATION NAE)(COMMA)(VALUE) cr

EWALE.:

GD 1,M cr Read out gain deviation for Master of chain 1

GD l,M,6 cr Enter a gain deviation of 6 dB for Master of
chain 1

GD l,M,O cr Terminate gain deviation error checking.

C1MCK:

- Chain and channel referenced must be defined

- If entering new value

- Control point must be "master" control point

- CG-222 states 3D values to be set at 6 dB
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"GN" - Gain Nominal

The "nominal" gain value for a station is initially set for each
station during the "wait" period of acquisition. This nominal value
may be read by any control point, or may be altered by the "master"
control point. The nominal, in conjunction with the deviation
command (see Gain Deviation), controls the error reports for a station.

INPUT:

ON (SPACE) (CHAIN N'IThER)(COMA)(STATION NAME) cr

ON (SPACE) (CHAIN NtUh-'R) (CO:tA) (STATION NAME) (COMMA) (VALUE)

EXAMPLE:

ON IM Read out gain nominal for master of chain 1

ON I,M,56 Enter a gain nominal of 56 for master of chain 1

CHECK:

- Chain and channel referenced must be defined

- If new value is being entered:

- Control point must be the "master" control point.

- Value entered must be:

- between 0 and 127

77



IRELI" - Release a chain or channel

The "R7tL" command is used to release a chain (or channel) from the
system usage table. Since this command completery eliminates the chain
(or channel) from the system, one should use this command carefully.
The total usage (chains and channels) of the system is output after
the command has been executed.

TNFUT:

REEL (SPACE) ('I"AIN NIM =E..) c

REL (SPACE)(CHAIN N" .E.R)(COMMA)(STATION NA ) cr

REL 1 cr Release chain 1 from system usage

REL I,X cr Release station Xray from system usage. (chain 1)

- The chain or channel must be defined

- Control point must have "write" access to the chain

- The "calibration" chain cannot be released (it may only be
redefined).
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"RPRT" - Peport of chain status

Report information for each chain is prepared on demand. Repetitive
time-interval reports may be requested. The minimum time interval for
report generation is thirty seconds. This interval may be too short if
thF system is reportine to several control points. It may "knot" the
systerm up with continuous reports. Care should be taken in selecting
a time interval for rsport generation.

The following information is included in the report for a given
chain (one line per channel):

- Name of channel

- Current mode of operation

- X inactive station

- A - activc station

- AF - Front-of-pulse search

- AS w Settle (for AGC, zero-crossing lock)

- AC -Track point search (Cycle selection)

- AV - Verify track point

- NOTE - up to this point if the receiver did not like
the track point (2.5 or 3.5), it may go to re-try.

- AW a Wait for final settle; pick-up ,nominals"

- AT - Normal Tracking

- Gain level

- Noise Number C5Cap?-.J38)

- Cycle Number

- Sample time (TOA)

- Time delay (TD)

The signal ECD can be calculated from the cycle number:

ECD - 10(3.00-Cycle Number)

The SNR (Signal-to-Noise Ratio) can be calculated from the noise
number:

SNR 10.5 loglo (37/Aoise Number)
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"RPRT"

The oscillator drift can be calculated from 
the difference betwsen

successive sample time readouts (use 
the station with the lowest noise

number'.

OSC offset (parts per 109) " Sample time (ns)
Tim between samples (sec)

Oscillator ofsets up to 50 parts per 10, (i.e. 50 ns/sec) 
are not

detrimental to receiver performancC since they are internally zeroed

out by the receiver's PLL's. Offsets 
larger than this ray affect

acquistion performance under poor 
SNR conditions.

INPUT:

RPRT (SPACE)(CHAIN NUMBER) cr

RPRT (SPAC-)(CR AIN NU ES.)(CO?_A)(VAL1F) Sr

RPPT 1 cr Prepare report on chain 1

RPRT 1,600 cr Prepare report on chair. I every 
600 seconds

CHECK:

- Chain referenced must be defined

- If time-interval reporting, minimum 
report time is 30 seconds and

the maximum report time is 207 
seconds.
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"SL" .- Station sample time

Although signal acquisition and tracking are automatic, the sample
t-me for a station may be entered manually by a control point. Extreme
care should be exercised when altering a station's sample time from a
remote control point; it is possible to enter a Sample time that would
force tracking on an undesired part of the LORAN-C pulse, or worse,
attermt tracking where there is no LORAN-C pulse. If a station is added
to a chain, it's sample number may be calculated by adding the TD to
the master sample time. hf this exceeds the GRI, then subtrack 1 GRI
for the correct secondary station sample number.

ITPUT:

SwTL (SPACE)(CHAIN NUMMR)(COMMk)(STATION NAA) cr

SNTL (SPACE)(CHAIN NTJBER) (COMMA) (STATION NAME) (CO.MA) (VALUE) cr

EXA LE :

SMYL 1,M Read Master sample time (chain 1)

SMYL 1,M,9876 Enter Master sample time of 9876 usec. (chain 1)

CHECK:

- Chain and channel referenced must be defined.

- If a new value is being entered:

- Control point must be the "master" control point

- Value of the input must be positive and less than 1 GRI
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"STOP" - Stop a station tracking

The status (tracking/stopped) may be controlled 
manually. Once

a station is stopped, the ,,STRT" comand may be used to re-acquire

the szazion.

INPUT:

STOP (SPACS)(CHAIN NT4B.ER)(COMMA)(STATIOK NAM) cr

AI? LUF

STOP I,X Stops station Xray from tracking

CVMCK:

- Chain and channel referenced must be defined

- Control point must have "write" access
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"STRT" - Start a station tracking

Acquisition for a station may be initiated with the "ST.T" commnd.
The acquisition begins at the sample time entered by the "SIL"
command (or, the last samr-le time for the station). Front-of-pulse
search, zero-crossing lock, and standard track point determination
proceed as with the chain acquisition routine. (see ACQ)

I PUT:

STRT (SPACE)(ClATN4 N'UKMR)(C3WA)(scTA7IoN NOE) cr

STRT 1,X cr Start station Iray of chain 1 tracking.

CHECK:

- Chain and channel referenced must be defined

- Control point must have "write" access

. o-
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"TTME" - Time-of-Day

The time-cf-day, along with the day-of-year, is used to preface
reports and error messages. The clock is maintained in the software b:
using the one second interrupt generated by the RCVR. The clock should
thus be reset after any processor restart (either manual restart or
power fAIl auto-restart).

The clock is maineained as a 2L hour clock, reading to 23 hours, 59
minutes, 59 seconds - then resetting to QQ:0C:00 at midnight (at which
the day-of-year is incremented).

NOTE: The day clock can only be manually reset by the "master"
control point.

TIME cr

TTIS (SPACE.) (RCURS) (MINU(IS,'S)O(:) (SECNDS) cr
EXA t-?L!:

__ME cr Read day-of-year and time-of-day from the
system clock.

TIME 01:09:Us cr Set the clock to 01 hours, 09 minutes, and 44
seconds (day-of-year remained unchanged).

C!_C .:

- Fours must be a positive =aimber, less than 2L

Minutes and seconds must be a positive number, less than 60

- Control point must be the "master" control point
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"TMCN" - PLL Time constant

The time constant for the software low-pass filter incorporated in
the phase-tracking algorithm may be entered or examined with the "TMCN"'
command. The operator enters values in units of GRI's. Values of 100,
20O, 400, 800, or 16OO GRI's may be selected.

INPUT:

TMN (SPACE)(CHAIN NUMN ,=R)(CO ftA)(STATIDN NAWE) cr

IMCN (SPACe)(CHAIN NUMBR)(COM!fA)(STATION NAME)(COMM ')(VALUE) cr

EXA??LE:

TMCN 1,M cr Read PLL time constant for Master of chain 1

TnCN 1,M,200 cr Enter PLL time constant of 200 for Master
of chain 1

- Chain and channel referenced must be defined

- If value is being entered:

- Control point must have "write" access to the chain

- Values of the input must be one of the following;
100, 200, bOO, 800, 1600

- To determine the servo loop time constant in seconds

SERVO LOOP TC - 7i7N VALUE * RATE (in seconds)
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"USE" - System Usage

Before defining a chain or adding a station (channel) to a chain
definition, the operator may check to see if there is room in the system
for the stations to be added. The "USE" command allows the operator to
query the system for both the number of chains and the number of tracking
channels in use. (System capacity is four chains; eight channels)

INPUT:

USE cr

FXA.PLE:

USE cr The processor would respond with:

SYSTEM USAGE: 1 CHAIN 3 CHANN-FIS

- NiECK:

None

| - I I I I 12"



- Enter Comments

it is often desirable to coment on 
the hardcopy log produced at a

control point. Since the teletype 
comunciation is full-duplex, a special

character (*) must be entered 
to the system to allow echoing 

of the data.

All data entered after this command 
is ignored by 'the system unt'-Il a

carriage return is typed.

DPUT:

* (COmthNTS) E_

EX.A LE :

* Adjusted oscillator

C1ZC1(:

N one
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- Line Erase

An entire line of a commWnd may be erased with the "#" (shift 3)

command. This can be used to cancel a c o'mnd before it is entered with

a carriage return.

INlUT:

ACiz 1# Cance! acquisition of chain 
I

CiMCK:

14 one

i
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" - Character Erase

If a typing mistake is made during entry of a command, the last
character can be erased with the" " (shift "0") command. When this
editing command is used repeated!yT successive characters are erased
until the begining of the line is retched.

INPUT:

TMCN 1, _2,M cr Corrects chain 1 to chain 2

CHECK.

None
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"OUT" - Strip Chart Output

A coded block of TTY data containing strip chart update information
is transmitted by the computer every 10 seconds. This information is
translated at the control station by the CDFO-6019 Information Switch
into analog volages to drive up to 8 strip chart recorcers. The strip
chart updat blocks are prevented from reaching the control station
telepriner by the Information Switch.

INPUT:

OUT (SPACE) (CHAIN NUMR) (COMMA) (STATION NAME) (COMMA) (DATA) (COMMA)
(CHART RECORDER NUMBER) cr

DATA

C - Cycle number

D - Time delay (secondaries only)

K - stops all updates from the processor

OUT l,M,C,l cr Output Chain 1, Master station, Cycle information

on chart recorder number 1.

OUT K cr Stops all updates from the processor

CHECK:

- Control point must have "write" access

- Chain and channel must be defined

0
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"ZERO" - Strip Chart Centering

The strip chart outputs set up with the "out" commands and can be
adjusted with the "ZERO" command to center the recorder pens for the
desired TD's or Cycle Numbers. The value of the "ZERO" command is
calculated by taking the fractional part of the DATA (TD or CN) and
adding 0.5. The result is the ZERO command for centering the chart.

MhUT:

ZERO (SPACE) (C.ART RECORDER NIThEER)(CO..-A) (OFFSET VALUE) cr

!XA '1PIE:

ZERO I cr Read the current value of offset for chart
recorder number 1.

ZERO 1,.83 Centers chart recorder number 1 for an offset of
.83 (i.e. Say X TD is on recorder number 1 with
a TD number of 27354.33 usec; .33 - .5 - .83)

ZERO 2,.39 Centers chart recorder number 3 for an offset of
.39 (i.e. Say M CN is on recorder number 3 with
a CN of 2.89 cycles; .89 + .5 1.39 use .39)

C1CK:

- Recorder channel must be any number 1 through 8
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"DSP" - Front Panel Display

Complete control is provided over the data displayed on the two
front panel NIXIE displays, Dl and D2.

INPUT:

DSP (SPACE) (UorL) (COMMA) (CHAIN NUMR) (COMMA)(STATION NAME) (COft4) (DATA) cr

DSP (SPACE)(UorL)(COMMA)(T) cr

EXAMPLE:

DSP U,T cr Display time in the upper display

DSP LIM,C Display chain 1, Master station, Cycle information
in the lower display.

CHECK:

- Control point altering NIXIE displays must be the ",master" control
point.

- Chain and channel referenced must be defined

- Station referenced must be a secondary station for Time Delay

- Information that can be displayed in the NIXIE Display:

C - Cycle numbers

S - Sample time (TOA)

T a Time-of-day

D - Time Delay (TD)
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"DENY" - Deny Master Request

Once a master request has been initiate there is a 60 second
clock in the processor that begins counting. If the current master
control point does not "DENY" the master request, master control
will be passed to the control point initiating the request.The new
control point will have control over the calibration chain, nominal
values, and deviations.

INPUTt

DENY cr

FXAMPIZ :

001 00:01:23 MASTER REQUEST B cr

The above is control point B asking for
master control.

DENY cr You have just denied control point B master
.control if you entered "DENT" before the

60 second clock completed counting.

CHECK:

None
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"S"- Message

Messages may be relayed between 
control points, Since the eight-bit

ASCII code ts used in the software, 
any ASCII character may be used 

in

the message (except the special characters: 
"carriage retwm", "PIP" ").

!t may be especially useful 
to use the ASCII "bell" character 

(contro 0)

to alert the receiver to special 
messages. A single message may 

be

routed to one or many control 
points, including a special 

routing from

the sender to himself.

TNPIT:

MS3 (SPACE)(REcEIVINO CONTROL POINTS)(COMM)M(ESSAGE 
CONTENT) osr

MSG ABC, ARE YOU RECEIVING BAD DATA FROM THIS SITE? cr

The above you are asking control points A; B, 
and C

if the lormonsite is feeding 
them bad information.

CHFCK:

- All names in the.list must be 
proper control point names (i.e.

A, B, C, D, B, or F)

- There must be at least one control 
point name in the list.
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"ZTR" - Request Master Control

The LORAN-C monitor has a "master" control point, which is the only
control point that can perform special tasks such as: setting "TIME",
setting "DATE", controlling the calibration chain, entering nominal
values, and entering deviation values for alarm generation.

Control point "A" is initially the "master" control point. The
"master" status may be requested by any control point, and if no other
control point denies that request, the master status is passed from
the previous "'master" to the requesting master.

n?T]T:

MTR cr Request "master" control point status.

CFECK:

3None
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"RPM - Report Mask Definition

The destination for reports prepared for each LORAN-C chain may
be specified with the "RPY(" command. This command defines a "mask"
of control points to which the reports are sent. The "report mask"
can only be altered by control points with "write" access to a chain.
The "report mask" is initialized to all control points when a chain
is defined.

IFPUT:

RPM (SPACE)(CHAIN NUMER)(COMMA)(LIST OF CONTROL POINTS) cr

"A MLE:

RPMK l,ABC Forwards all future reports to control points
A, B, an C only.

CHCx:

- Control point must have "write" access to the chain

- All names in the list must be proper control point names (i.e.
A, F, C, D, E, or F).

- There must be at least one valid control point in the list

3 I
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"WTW. Write Mask Definition
In order to minimize erroneous data entry and alleviate unauthorized

tampering With control of a chain, 2 list Of control points which may
ater data for a chain is maintained in the software. All attempts by acontrol point to enter or alter data for a chain causes a check to bemade to determine whether the control point may "write" data for this chain.IMPUT:

WT-W (SPACE)(CHAIN NKrBER)(COMMA)(LIST OF CONTROL POINTS) cr
EXA VE:

WM 1A cr Only control point A can change any data
pertaining to chain 1

CNFCY:

- Control point attempting to exercise command must have
"write, access.

- All names in the list must be proper control Point names (i.e.A, q, C, D, T:, or F).
- At least one control point in the list must be in the systemto avoid assigning capabilities to a non-existent control point.
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AUS iuN 5)((O I. CL IVLR

NOISE NU BER SNR RELATIONSHIP (YOR GAUSSIAN NOISE)

NOISE # SrR NOISE # SNR NOISE # SNR

1 16.47 25 1.79 49 -1.28

2 13.31 26 1.61 50 -1.37

3 11.46 27 1.44 55 -1.81

4 10.14 28 1.27 60 -2.20

s 9.13 29 1.11 65 -2.57

6 8.30 30 0.96 70 -2.91

7 7.59 31 0.81 75 -3.22

8 6.98 32 0.66 80 -3.52

9 6.45 33 0.52 85 -3.79

10 5.97 34 0.39 90 -4.05

11 5.53 35 0.25 95 -4.30

12 5.13 36 0.12 100 -4.53

13 4.77 37 0.00 110 -4.97

14 4.43 38 -0.12 120 -5.37

15 4.12 39 -0.24 130 -5.73

16 3.82 40 -0.36 140 -6.07

17 3.55 41 -0.47 ISO -6.38

18 3.29 42 -0.58 160 -6.68

19 3.04 43 -0.69 170 -6.95

20 2.81 44 -0.79 180 -7.21

21 2.58 45 -0.s9 190 -7.46

22 2.37 46 -0.99 200 -7.69

23 2.17 47 -1.09 250 -8.71

24 1.97 48 -1.19 300 -9.54
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AUSTRON 5000 FAULT COMMANDS
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ET5O/G
10/29/80

ACQ FAULT

The receiver acquisition process begins by examining the GRI specified or
Loran-C signals. The result of this search is a correlation table which may
be examined by the user with the "DUMP" command. If no Loran-C energy
(coherent RF) has been found in the loran repetition interval for the station
specified, the ACQ FAULT message is printed.

EXAMPLE: 001 01:21:03 1,W ACQ FAULT

PROBABLE CAUSE:

- Signal off air or SNR less than -15 dB.

- Incorrectly specified time delay for a secondary station. Delete
the station with the proper time delay.

- If all stations, or just the Master Station, the problem may be
incorrectly specified loran rate. Delete the chain and redefine
with the proper rate and time delays.

- Receiver in CAL mode after system calibration. Type CAL K cr

- Loss of signals to the receiver.

- Insufficient warmup time for the receiver's internal temperature
stabilized crystal oscillator. Allow at least 10 minutes warm-up
after receiver turn-on before attempting to acquire signals.
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ET50/G

10/29/80

BLINK BGN/BLINK END

The blink code is used by the Loran-C system to warn the user that a problem
exists in one or more chain baselines and these stations should not by used
for navigation purposes. The blink indication is detected by the receiver
when:

- The Master Station 9th pulse is turned off and on with the blink
code for the baseline affected.

- A secondary Station turns off and on the first two pulses in the
standard secondary blink code.

The receiver uses averaging to prevent false blink indications under noisy
conditions. The averaging is adaptive to compensate for increasing noise.
The blink message will generally be printed within a few seconds after the
initiation of the blink condition at the transmitting station under good SNT
conditions. The time for blink detection in the receiver will increase as the
SNR decreases.

EXAMPLE: 001 10:02:10 1,X,BLINK BGN

PROBABLE CAUSE:

- Designated station is transmitting blink code.

- Continuous Master blink on and off messages during Master blink area
due to insufficient averaging. This'can be corrected by increasing
AVG for the Master Station.

- Excessive link blink detection times may be decreased by decreasing
AVG for that station. This problem usually occurs for stations with
poor SNR.
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ET50/G

10/29/80

*BUSY*

During initial phase of signal acquisition, the receiver is doing continuous
signal sampling and transferring the data to the processor. Insufficient
processor time is available for normal teleprinter I/O so the BUSY message is
transmitted.

EXAMPLE:

- Enter the following:

ACQ 1 cr

ACQ 2 cr

*BUSY* The processor response.

PROBABLE CAUSE:

- Signal acquistion has been requested within the last 20 seconds.

3
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ET50/G

10/29/80

CODE ERROR BGN/CODE ERROR END

The amplitude samples for each station are algebraically averaged together for
each station. This average will reach unique steady state values for the
Master station and the Secondary stations. If this average e~eeds some
preset limits, a CODE ERROR message will be printed. Generally, more tamn one
pulse in a GRI must be in error before the alarm is given.

EXAMPLE:

001 10:00:11 1,Y,CODE ERROR BGN
001 10:04:11 1,Y,CODE ERROR END

PROBABLE CAUSE:

- High noise or loss of signal may temporarily set off the alarm.
Such false alarms would be accompanied by abnormally large noise
numbers.

- Error in transmitted phase code. If more that one monitor receiver
prints this message, the offending station should investigate a phase
code problem by observing the antenna current signals.

4
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ET50/G

10/29/80

CYCLE ERROR BGN/CYCLE ERROR END

Presetable tolerance limits can be placed on the Cycle number calculation.
When the calculated cycle number exceeds either the upper or lower tolerance
limit, the error message is given.

EXAMPLE:

001 10:11:00 1,X,CYCLE ERROR BGN

001 10:11:50 1,X,CYCLE ERROR END

PROBABLE CAUSE:

- Transmitter off-air causing the cycle number to drive to 5.00. This
should correct itself once the station returns on-air.

- The transmitted ECD has changed or changes in the propagation path
have caused the ECD of a station measured at the monitor site to
exceed the tolerance limit.

- Incorrectly set CN or CD command.

- Incorrectly set CYCR

,5 A



ET50/G

10/29/80

ERROR

Syntax errors in data typed on the teleprinter are noted by the ERROR command.
Generally, this is due to a missing character or comma. If it is not clear
what error was made, the coummand dictionary should be checked to verify the
proper format is being used. The carot indicates the approximate position of
the error.

EXAMiPLE:

ADD 1,52000 cr
ERROR A

PROBABLE CAUSE:

- Error made on teleprinter entry.

- Distortion on TTY lines or TTY "hits" on transmit line.

6



ET50/G
10/29/80

GAIN ERROR BGN/GAIN ERROR END

A tolerance window can be placed on the reciever AGC for each station. If the
gain increases or decreases to the tolerance limit the GAIN ERROR BGN message
will be printed and the gain will be clamped at this limit.

EXAMPLE:

100 00:09:55 1,Y,GAIN ERROR BGN

100 00:11:59 1,Y,GAIN ERROR END

PROBABLE CAUSE:

- Station off air

- Incorrectly set GN or GD command

- Secondary station blinking with GD command set at 4 dB or less.

7



ET5O/G

10/29/80

HIGH NOISE BGN/HIGN NOISE END

If the noise number calculated by the receiver exceeds 4095, then the NOISE
BGN error message is printed. The HIGH NOISE END message is printed when the
calculated noise number falls back below 3072. The noise number is a measure
of all interference, both natural and man-made.

EXAMPLE:

099 11:11:11 1,M,HIGH NOISE BGN

099 11:59:00 1,M,HIGH NOISE END

PROBABLE CAUSE:

- Station off-air and no gain deviation limits set in. The AGC drives
to the maximum limit under these conditions and the background noise
sampled by the receiver is thus very large.

- Very large increase in natural or man-made noise. This would be
confirmed by an increase in noise numbers on all stations with no
change in station gains.

8



ET50/G

10/29/80

HYPRB ERROR BGN/HYPRB ERROR END

Tolerance limits for the measured time difference can be preset into the
computer. When a tolerance level is exceeded, the error message is printed.
The station PLL continues to track beyond this limit.

EXAMPLE:

100 11:59:00 IX,HYPRB ERROR BGN

100 12:11:59 I,X,HYPRB ERROR END

PROBABLE CAUSE:

- Secondary station jumped time if a message is printed for one baseline.

- Master station jumped time if a message is printed for all baselines.

- DD or DN improperly set.

9I



ET5 /G

10/29/80

*PROTECTED*

The CDFO-5000 Monitor Set can be configured to operate on several chains with
several user terminals. To prevent confusion and inadvertent modification of
another users parameters, a protocol system can be set-up which protects each
user's parameters. This message is printed when an unauthorized user tries to
modify parameters in a chain.

EXAMPLE:

CN I,M,2.95 cr
*PROTECTED*

(User 2 attempts to change chain I cycle nominal for master)

PROBABLE CAUSE:

- User terminal does not have "write" access. Check the chain designa-
tion in the command to verify that an authorized chain number has
been used.

- See the WTHK and MSTR commands in the Command Dictionary to change
the "write" authorization.

10



ET5O/G

10/29/80

SKYWAVE ERROR BGN/SKYWAVE ERROR END

A "guard strobe" is used to sample signals -37.5 usec in front of the signal
tracking point. Under normal conditions there is no coheratRF at the guard
strobe point. If the reciever is tracking high on the pulse, then this alarm
will be printed. Man-made communications signals which are coherenti with the
Loran-C signal can cause this same indication. Occurrences of this type of
interference are rare.

EXAMPLE:

111 11:00:11 1,X,SKYWAVE ERROR BGN

111 11:11:11 1,X,SKYWAVE ERROR END

PROBABLE CAUSE:

- Receiver tracking too high on the pulse. Check the cycle number and
CYCR to determine if this is the cause.

- Synchronous or near-synchronous RFI contaminating the signal.

- Temporary large noise burst. To verify, check noise numbers for
abnormally high value.

• | | 11



ET50/G
10/29/80

RETRY BGN/RETRY FAIL

If the receiver fails to find a satisfactory sample point in the "AC" mode
during signal acquisition, it will return to the front-of-pulse search and
print a RETRY BEGIN message. If the acquisition fails the second time, the
station is placed in the "K" (killed) mode.

EXAMPLE:

222 22:23:00 1,Z,RETRY BGN

222 22:23:59 I,Z,RETRY FAIL

PROBABLE CAUSE:

- Envelope correction factor "CYCR" set so that the measured cycle
numbers are near the indecision points of 2.5 and 3.5. Change the
CYCR to correct this condition.

12
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TOPAZ ISOLATIUN TRANSFORMER MODIFICATION

The following is a orief description of the modification made to the TOPAL
ultra-isolation transformer:

1. Identification Of Modification:

a. 4" x 4" x 3" electrical connection oox with unground receptacle
mounted on output end of TOPAZ.

2. Material Required For Each Modification:

a. Electrical box, 4" x 4" x 2-1/8" (or deeper) I each
b. 2-pole, 3-wiring ground receptacle, 20A, 125V 1 each
c. Cover, electrical oox, single outlet, 4" x 4" x 1/2" 1 each
a. Cap, motor run, 4mf/375V I each
e. Pipe nipple, 3/4" x 1-1/2" 1 eacn
f. LocKnut, 3/4" 1 each
g. Bushing, 3/4" I each
h. #12 AWG copper wire, 1 BLK, 1 WHT, I GRN 18" each
i. Terminal lugs 8 eacn
j. Conduit clamp, 1-1/2" 1 each
k. 1/4" x 2U" x 3/4" machine screw ano nut ana lock washer 2 each
1. #8-3Z macnine screws, 1" 2 eacn

3. Proceaure:

a. Remove cover from output end of TOPAZ.
b. Remove lower (larger) knock-out from end oell on rlgnt-nano side as

you face transformer from output end.
c. Note which 3/4" knock-out on electrical uox most nearly lines up

with TOPAZ knock-out. Remove it and enlarge it with 1" Greenlee
punch.

a. Fasten the electrical box to tie TOPAZ end bell using the pipe
nipple, lock nuts, and bushing.

e. Using 1/4" bit and hard drill, drill through the electrical box and
end oell of TOPAZ as shown in accompanying drawing. Holo the clamp
and capacitor in place to mark location of hole. NOTE that cap must
be mounted in upright position and clamp must engage lip of capacr-
tor can to prevent possibility of electric connections on capacitor
making contact with electrical box due to vibrations during shipment
and use.

f. Solder a 6" piece of black #12 wire to the terminal on the capacitor
marked with the dot, ano a 6" piece of white #12 to the other.
Mount the capacitor as shown and install terminal lugs on the free
ends. Connect these wires to the top pair of connections on the
receptacle (black to brass terminal, white to silver terminal).

g. Install terminal lugs on 0oth ends of a black, wnite, ana green 1U"
to 12" piece of #12 AWG wire. Connect the black from XI-X3 on the
TOPAZ to the orass connection on the receptacle. Connect the white
from X2-X4 of the TOPAZ to the silver connection on the receptacle.
Connect the green from the chassis connection of the TUPAZ to the

1C-1i



ground connection on the receptacle. (If XI is not jumperea to X3
ana X2 is not jumperea to X4, ao so now.)

h. Mount receptacle to cover, cover to oox, replace eno ueil.
i. Open input end of TOPAZ and make sure HI is jumperea to H3 ana that

H2 is jumperea to H4. If not, o so now.
j. Modification is complete.

All material procurea locally.

C

~C-2



ups orpurGREEN DPE
WHITE RECE PTACLE

RECEPTACL BLACK (LOAD)

0-150
V.

PRIGa GREEN,

OLVOLTAGE

UPS INPUT7 O PUT FRTEEC

OUPUTR TAFO R EER EW, - CURRENT I P R Q E C

INJU

WHITE ~ tj!S4BLAC



APPENDIX 0

"SURVEY" PROGRAM LISTING



10 "SURVEY"
210 ORIGINAL .R .D 85,'.81 "DOCUMENTATION TAPE"

306
40 * AUSTRON 5000 DATA COLLECTION PROGRAM IJSING IJPDATED
50 * REPORTS CONTROLLED BY H/P 9845B. *
68 I * PROGRAM COMMENCED 1/22"79 *

79 0 * LAST MODIFICATION 04.09/1 bu. ETCS Thomas .1. Mil ne
8 o * ORIGINAL PROGRAM DEVELOPED BY: *
9 * LCDR ANDREW J. SEDLOCK (G-DST-1)
100 I * CW02 JAMES P. LEWICKI (IJSCG R&D CTR)
110 ETCS THOMAS J. MILNE (USCG R&D CTR)
128 I * THIS PROGRAM DESIGNED FOR 9600 BAUD,WITH REPORTS .
130 I * UPDATED AS FAST AS EVERY (12) SECONDS *

140 I * EFFECTIVE I MAY 1981, THIS IS THE ONLY VERSION OF *

150 I * SOFTWARE IN USE WITH THE (TDSS) SURVEY,AND MAY N'T *

168 I * BE MODIFIED IN ANY WAY WITHOUT THE SPECIFIC WRITTEN
1? PERMISSION OF THE USCC RESEARCH AND DEVELOPMENT

180 I C CENTER. *

20o OPTION BASE 1
210 MASS STORAGE IS1 ":T15"
228 COM Buf$C159],CursorDcomSCSOOSeI _codeKbdDat a, D.atc ol Ie.:t,Sa'pIe,S eT.,S
fk

230 DIM ASc268 , $[ES ,2.Ct 100JA1:69,A2:16oA:3'. A4 .),SIK,8O)
240 DIM 32(188,B3,1e6),B4I60),Ci(100),C2,1O),C3(166,4,1lO.),TdI)
256 DIM D1(100),D2( IO>,D3(100), 4(<10),Std,_dev(4),S1op(4),aSta,s(4,4),Co-,;"( "

260 DIM T1$(100),T2$(160),T3$( , . .,.,,
6)
270 DIM 5(4,6) ,R(3,6),At(16) ,Z(2),,(2) ,BugS(3)
2,O DIM EI(10o),E2,18 ,E3(16),E4(106),FI..F2'188) F,80),F4(. b3J
290 DIM Ref(IO,2),Rer$(6I)
386 INTEGER Sample period
316 BLg_com:O
326 Bug count1
330 IF Sfk=I THEN- 350 ......
340 LOAD KEY "SFK"
350 Sfkz1
368 GOSUS Keys
370 Cursor-t
386 Sol code-1O RS232C(EIA) select code
390 Data collect=G flag indicating data aolle, Tion has been s$,ared
400 Dazaso data coil key check flag
410 DpsG complete message (report) check flag
426 Setal i increments the 100 sample set counter
436 Sample=O I sample counter
446 Stp,6 1 stop flag
450 Pause=0 1 pause flag
460 MrszO ! mini-ranger use flag
479 CALL Dcom setup(Err) !SETUP RS 232C

488 IF Err THEN Dcom err !1/O ERROR SO STOP
498 TOPEN Sol code, 15 CALL Dcom isr! OPEN COMMS CHANNEL WITH AUSTRON
566 CONTROL MASK 9;128 i initializes the real time clock for in'.errupts
519 OUTPUT 9;"A,U2"O2"
520 DISP "RUNNING"
536 Loop:!
546 IF BugcomnL THEN CALL Debug(A$,BugS(*),Bugcom,Bug count)
550 IF Bug ,:om=0 THEN 586 patches end flag
566 Bug countsBug_.:ount*1 counts commands sent to AUSTRON
579 Comands I sets transmit command flag
5Sa IF NOT Kbd AND FNKbd ready THEN OfP kbd
596 Receive:!
61 IF NOT FNDe ready THEN Transmit' Check for CP or SOH in DCOM$
61G CALL Get datt(B,Prompt) ! Get message and message t,,,,pe
620 ON Prompt GOTO Msg,Receive*,Receive ! If promptal then the data it a tel
-

636 I type meusage;2,$trip ,:hart messa;ge;

m I I II I -mi iI~ i
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648 3,incomplete strip chart message
650 Msg: i
660 IF NOT Data collect THEN Print 1 If not in DATA COLLECT mode then
678 ! print message
688 IF B$="RPRTI" THEN 610
690 ! samples, then print msg
78 IF (Dp=0O, AND (Pausea1) THEN Ptcrt! If in PAUSE mode print msg on ,-r*
710 IF $C11';5]="CHRIN" THEN Data I Check for first line of RPRT ins.g
720 IF Dp>0 THEN Data Process d.ata sampl
738 GOTO Print
748 Transmit:
750 IF FNKbd ready AND Kbd THEN Xmitl ! Check for STORE,CONT,EX(ECUTE or :Ft
4 in
760 1 teletype mode

770 IF NOT Comand THEN a70 ! Check for A,$stron :ommand in
78 Comanda0 ! calculator mode
790 GOTO Xmit
808 Xmitt: CALL 1e_lin*:A$) I Get msg from keyboard buffer
310 Cursor=1
820 Xmit:FOR 1=1 TO LEN(As) 1 Transmit message to Austron
839 OiJTPUT 31 ,code USING ",K";A5C1,I]
840 WAIT 60
658 NEXT I
860 OUTPUT So c:ode USING "#,K";CHR$(13)
878 IF NOT (Stp AND (Dp=Q)) THEN Loop
889 GOSUB Summarv
898 Ptcrt:!
988 PRINTER IS 16
910 Print: !
920 IF Bug com-l THEN PRINTER IS 0
938 PRINT BS
940
958 IF FNDc_ready THEN 610
968 -COTO Transmit
970 Data: ! STRIP DATA FROM REPORT MESSAGE
988 DpMDp+l I Increment data pointer
998 IF Dpu1 THEN Time !If first line of msg get time
1080 IF Dp=2 THEN Master I If second line of msg che:k master track
1818 Td(Dp-2)-YAL(B$E321) Strip off the TD from msg line
1020 $=""
1030 IF Dp<6 THEN 610 Have you received -all (5) ms; lines
1040 Dp=0 I If yes reset msg pointer then pro:ess data
1850 GOTO Process
1868 Master:!
1879 IF BS15,5]3>"T" THEN Error1 1 Check if master is in trackleee u$-"-
oe GOTO 610

1180 Error!:!

ile DEEP
1128 DISP "MRSTER NOT IN TRACK !WHH"
1138 Dp=9
1148 GOTO Receive
1158 Time:!
1168 TiinesuBe3,14] I Strip time off first line of msg
1179 BS-

Li8 GOTO 610
1190 Process:!
1200 Store: I This routine stores TD's in data arravs
1218 SampleaSaMple#1 I This increments the s-ample ,:ounter
1220 IF Data collect THEN PRINTEr IS 9
1230 IF SampTe>l THEN 130
1248 PRINT LIN(i);"

1250 PRINT LIN(2);TAB,(),"'SMPLE";TAB(II),"W ;TAB3.1),"";rB(31.,"Y";TAB, 4L
)1Z";T 51);"Set";TE16;"R";T3(63";"R2";TR3(9; "Timet
1260 IF Mrs-I THEN 120 8



127 0 PRINTL1(;T32,
;TA3(45);"X '';TAE(.$);Y";TAB64.';'AT "';TAB(70;CT"
1280 PRINT LIN(2);TAB053);:3t~rt Timoe;TAB(o':4,;Tim-3$
1290 PRINT LIN1I.)
1300 IF Sample<400 THEN 1320
1310 G05UB Stop
1320 STANDARD
1330 PRINT Samiple;
1340 FIXED 2
1350 PRINT TE1;1.TB;d;A(;dA~T~4'
1368 STANDARD
1378 IF Sml'St1)>.THEN ~t3t11Incremnts Set co'urter 1
1388 PRINT TRB(5l);Set;RI;R2;TiSt4;9]
1398 ON Set COTO Om*,Two,Thre,Four Ihundred samples
1408 On*:A1(Sampl*e=Td(l)
1418 BI<Sample)=Trd(2)
1420 Cl(Sample)=Td<3)
1430 Dl(Sample>Td4'
1440 El<Sample)=Pl
1450 FI<Saftaple)=R2
1460 TIS(Sarnpl*)=TimeS
1478 GOTO Position
1488 Two:A2(Sarnple-00)=Td(l)

1490 B2(Sampl*:100)=Td(2)

Isle D2<Sarnple-1Q0)=Td(4)
1520 E2(Sample-l00)=P1
1530 F2(Sample-100)=P2
1540 T2$(Sample-700)=Time*
1550 COTO Position
1568 Thr~e:A3(Smpe-^;0)Tdi(1)
1570 B3(Sample-200)=Td(2)
1588 C3(Sampl-20uTd(3)
1598 D3(Sampl*-20)Td(4)
1688e E3(Sample-2003=R1-
1616 F3(Sample-200)=R2
1620 T35(Sampl*-200)mTim#S
1638 COTO Position
1648 Four:A4<Samplt-3'38)uTd<1)
1650 B4(Sampl*-30Q)mTd(2)
16io C4(S-ampl*-:300)Tdf3)
1670 D4(Smple0)-Td(4)
1668 E4<Sampl*-300>=R
1690 F4(Sampl*-3@6)mR2
1790 T4S(Sampl*-300)=Tim*S
1718 Position:! CALCULATE POSITION FROM MRS DlATA
1720 IF Mrsal THEN 1890! TD only, skip position calculations
1730 FIXED 1
1748 Ra=R*180r0
1759 Rb=R2
1768 Rc=RI
1770 IF NoT Tp THEN RbzRI
1780 IF Nor Tp THEN Rc-R2
1798 CALL Trians;1e<Ra,RbRc,A,B,C)
18ss CALL Position(Zo<*),Alph,Rc/180,Sign,,Z*
L818 IF Pts<>"Y THEN 1070
18283 IF Plott<>2 THEN 1378
1838 XMZC(1-X1
1649 YSZ(2)-Yl
1858 At=X*StN<Course)+Y*COS(Cours*)
tais Ct-X*COSCours*)-Y*SIN(Cours*)
1670 Td(1)&Z(1)
16se Td(4)*Z(2)
1898 Stat: CALL St (Td*, Sampl oStats<e, Cou+, Os4 se(+) Cal cul at* statiati.-.
1999 Regress: CALL z Sas*,o(*,~)R.,st<*))!calculat. er4s:
1910 IF Mrsal THEN 19480 ot ic n



1920 FIXED 3
1930 PRINT "
,LIN(1)
1948 IF Stp THEN Data collec t
1958 IF Pause THEN Trinsmit
1960 IF Pts(?"Y" THEN Transmit I Check if plot is desired
1970 ! Plot data
1988 IF Mrs=l THEN 2008
1990 ON Plott GOTO 2088,2840,2020
200e CALL Disprun(Td(*),Sampie,XemnXmxYmn,Ym,MpX.,xe ,"rax,PrPry,Cba,Lcb,
CbbCbc,Lcb2,Lcb3,Stp,R(*))
2010 GOTO 2050
2828 CALL Plot xy(Sample.Wpx,wp_v,Z(*),Opr)
2038 COTO 2050
2848 CALL Plot .:t(Ct,Rt,Rdist,Sarmple)
2058 OTO Transmit
2068 Keys:! SETS UP THE SFK'S
2870 ON KEY #1:3 OSIJB Acqi
2088 ON KEY #19 GOSUB Rprtl
2098 ON KEY #20 COSUB Tmcn
2188 ON KEY #8 OSUB On kbd
2118 ON KEY #9 GOSUB Pause
2120 ON KEY #10 GOSUB Continue
2138 ON KEY #21 GOSUB Data coil
2148 ON KEY #25 GOSUB Start
2158 ON KEY #26 GOSUB Stop
2169 ON KEY #29 GOSUB Stats
2170 ON KEY #29 GOSUB Sign
2180 ON KEY #27 COSUB Debug
2190 RETURN
2280 Acql: !
2210 IF Data colect THEN RETURN
2228 RS=5ACQT"
2238 - Comand=l
2248 RETURN
2258
2268 Rprtl:!
2278 IF Data collect THEN RETURN
2280 A$"RPRTl,
2298 Comand=t
2388 RETURN
2318 Tmcn:!
2320 INPUT "INPUT THE TMCN YOU DESIRE ?",Tm
2330 AS="TMCNt,M,"&VALS(Tm)&CHRS(<41)&"TMC1,W,"VAL$(Tm)&CHR141;.: -TMCNI,/, -

&VALS(Tm)&CRS(141)&"TMCNI,Y,"&VAL$(Tm)&CHRS(t41)&"TMCNI,Z,"&VAL$.Tm)
2348 Comandal
2358 RETURN
2360 Sign:!
2370 Signs-1*Sign
2386 PRINT *SIGN-";Sign
2390 RETURN
2400 On kbd: 1 SETS KEYBOARD IN TELETYPE MODE
2418 ON KBD CALL Kbd isr I ON KBD $etsup an interrupt condition,&nd .ctiuat-E.
2420 DISP "TELETYPE oN" I a character butfer(KBD$) which stores data trom
2438 RETURN I the keys pressed.
2448 Off kbd:! RETURN KEYBOARD TO CRLCIJLATOR MODE
2458 Cusorlt
2460 OFF KBD
2478 As="

2488 DISP "TELETYPE OFF"
2498 GOTO Loop
2500 Data coll:! INITIALIZE DATA COLLECTION
2518 MASS STORAGE IS ":T15"
2520 OFF INT #9 S
2530 DEG
2549 IF Data collect THEN Imc Improper command if alread, in



2558 I data :ol Ict mode
2560 Sign=l
2578 Data-1
2580 Sampleme
2590 Set-1
2608 Mrs=1
2618 R1=0
2620 R2zO
2638 RESTORE 2650
2640 READ Range ,Ranqe_2
2658 DATA 114,116
2668 MAT AI=ZER i Zero data arra,s
2678 MAT BtzZER
2680 MAT CI=ZER
2690 MAT D1=ZER
2708 MAT E1=ZER
2710 MAT FI-ZER
2720 MAT A2=ZER
2730 MAT B2=ZER
2740 MAT C2-ZER
2758 MAT D2=ZER
2768 MAT E2=ZER
2770 MAT F2=ZER
2780 MAT A3=ZER
2790 MAT B3=ZER
2880 MAT C3=ZER
2810 MAT D3=ZER
2828 MAT E3=ZER
2838 MAT F3=ZER
2848 MAT A4=ZER
2858 MAT B4-ZER
2860 MAT C4=ZER
2870 MAT D4=ZER
2<80 MAT E4=ZER
2890 MAT F4=ZER
2900 PRINTER IS 16
2910 PRINT "Recommended sample periods
2928 PRINT TAB(5);"Sample peri.3d=(TMCN*2)/10
2930 PRINT TAB(5);"Mininimum sample period-12sec"
2940 PRINT TAB(6);"TMCN";TAB(27);"Sample period"
2950 PRINT LIN(1);TAB(6);"25 minimur";AE27);"12",TAB6)5S"TA ')"12',T
AB(6); "108"; TAB.27); "28"

2960 INPUT "Input the sample period(se c) you desire ?,then CONT",Sample per
lod
2970 IF Sample period<12 THEN Sampleperiod=t2
2980 STANDARD
2990 PRINTER IS 0
3680 PRINT "The sample perioduone sample every";Sample period;"$ec"
3010 PSaVALS(1088*Sample period) !This sets the clock time in millise':
3020 INPUT "Are you going to use MRSIII ?, YzYES,H=NO",Mrs$
3030 IF MrsS<>"Y" THEN Mrs=
3040 IF Mrs THEN 3300
30SO PRINTER IS 0

3060 INPUT "Input the retenrice station Pile name'",RtS
3878 PRINT "REFERENCE STATION FILE -:";Rf$
3086 ASSIGH #L TO RfX
3096 READ #1;R'S(+),Re*(*)
3109 PRINT "REFERENCE STATIONS:"
3110 PRINT TAB(5)"g";TAB(:3:Ref*(1);TAB(30);Ret1I);TRB(55);Pe.> ,2'
3120 PRINT TR(5);"C";T B(8);Res(2.;TA3);Re?(2, 1);TAB.55);Pe,2,2
3130 PRINT "LOCAL GRID ORIGON:"
3140 PRINT TAU(S);Re*fS(3);TA(38);Ref(3, I);TA3(55);Ret?,2)
315 2o(1)sRef(1,1)-Rvf(3,1)
3160 Za(2)sRef(1,2)-Ref(3,2)
3179 ZC(1)uRef2,t)-Ref(3,I)
3180 Zc(2)zRe?(2.2)-Ref(3,2)



3190 R=3QR (Zc(1)-Zo'I)) 2 .Z.:(2)-Zo(2))^2)
32 8 Alph. aTN((Z,:(I)-Zo(1)'-(Zc(2)-Zo(2)))

3210 IF Zc(2)-Zo(2)<g THEN Alpha=Alph.a+1 0
3220 IF Rlpha<0 THEN AlphazAlpha+36A
3230 PRINT "RANGE BETWEEN STATIONS=";R,"ANGLE=";Alpha
3240 INPUT "Input location of transponder #1, B OR C ?",Tps
3250 IF (Tp$"B") OR (Tp$="C") THEN :3270
3260 GOTO 3240
3270 IF Tp$="B3 THEN Tp=1
3280 IF Tp$="C" THEN Tp=O
3290 INPUT "Enter approximate ranges to transponders #1 & #2, in Kilometer-...
-. 5KM)", R I, Pf2
3300 INPUT "Do you want a graphics plot ?,Y=Yes,N=No",P
.3310 IF Pts$<)"Y" THEN 3600
3320 IF Mrs THEN 3529 ! INITIALIZE TD GRAPHICS
3330 INPUT "Input type of plot desired,TD-1,CRSS/:tLON1 TFiCK=2,P C "<Y'3
",Plott
3348 ON Plott GOTO 3529,3350,3490
3350 INPUT "Input the co-ordinates of the startin; pointKilometers Eas..N
orth ?- X,Y",X1,y1
3360 INPUT "input the co-ordinates of the stopping pointKilometers East.N
orth ?= X,Y",X2,Y2
3370 D,-sY2-Y1
3380 Dx'X2-XI
3390 Rdist=SQR(DY^2+Dx-2)
3400 Course*ATN(Dx/D ,)
3410 IF Dy<8 THEN Course:Course+180
3420 IF Course<O THEN Courje-Course+368
3438 FIXED 1
3440 PRINT "FROM POINT I TO POINT 2, COURSE=";Cours;", RAGE=";Pdist
3438 PRINT "STARTING POINT";.1,Y1
3460 PRINT "END POINT";X2,Y2
3470 GOTO 3580! INITIALIZE CT,."AT GRAPH
3480 STANDARD
3490 !NPUT "Input the waypoint coordinates, Kilometers East,North =- X,"',1W._
x, Wp-y
3500 INPUT "Input the operating range about the waypoirt in Kilometers ?",0p_

3519 GOTO 3568! INITIALIZE XY PLOT
3520 CALL Graf(Xmn,Xmx,Ymn,Ymx.Mp,Xaxes,"taxes,Prx,Pry)) ! Initialize graphis:
3530 CALL Di p run(Td<*),Sample,Xmn,Xmx,Ymn,Ymx,Mp,Xaes, 7axes,Prx,Pry',Cba,.Lc
,Cbb,Cbc,Lcb2,Lcb3,Stp,R(*))
3540 GOTO 360
3550 IF Cts$"Y" THEN 35:30
3560 CALL Plot xy(S.ampl,Wpx,Wpy,Z(*),Op r)
3570 GOTO 3680
3580 CALL Plot ct(Ct,AtRdist,S-ape)
3599 PRINTER IS 0
3609 PRINT "HIT STRT WHEN READY"
3610 RETURN
3629 Inc: DISP "IMPROPER COMMND<Imc)!"

"3630 RETURN
3649 Start:! START COMMAND
3650 IF NOT Data THEN Ic
3660 IF Data collect THEN Ic
3670 ON INT #9 GOTO Rte
3680 CONTROL MASK 9;129
3690 CARD ENABLE 9
3790 OUTPUT 9;"U2H,U2P"&Ps&"/U2G"
3719 Data collectal
3720 PRINTER IS 16
3730 PRINT PAGE
3749 PRINTER IS 8
3759 RETURN
3769 Ic: DISP "IMPROPER .COMMAND(tc)!"
3770 RETURN



3780 Stop:! STOP COMMAND
3798 IF NOT Data ,:of1et THEN Ic
3800 OFF INT #9
3818 Stpat
3820 RETURN
3839 Rtc:
3840 BEEP
3850 Dp=8
3860 SET TIMEOUT 4;3003
3879 ON INT #4 COTO Timeout
3880 IF Mrs= THEN 3990
3896 WRITE BIN 2;0
3909 WRITE BIN 2;Range.1
3918 ENTER 4;RI,CI
3928 WRITE BIN 2;0
3930 WRITE BIN 2;Rrnge 2
3948 ENTER 4;R2,C2
3950 IF ABSPI-Rtl*1080)>1009 THEN Range_error
3960 IF ABS R2-R2-*10 0)>1008 THEN Range_error
3970 RtI=RI,/198t
3988 Rf2=R2/-'10
3990 AS="RPRTI"
4808 Comand=1
4819 CARD ENABLE 9
4029 GOTO Transmit
4030 Timeout: PRINT "Timeout ERROR"
4940 GOTO 4010
4050 Rangeerror: PRINT "RANGE ERROR"
4860 GOTO 4810
4079
4080 Summary:!
4090 PRINTER IS 9
4100 PRINT TAB(51):"Stop time";TAB(62);TimeS
4118 IF Pt$<>"Y" THEN 4150
4129 PRINT LIN(5)
4130 DUMP GRAPHICS
4140 EXIT GRAPHICS
4158 CALL Pstats(Stats(*),O_set(*),Cov(t),R(*),Sample)
41618 Data-e
417 Kill=8
4190 Stpue
4198 Data collctu=
4200 Plot;e
4216 Pause=O
4220 INPUT "DO YOU WANT TO STORE DATA ON TAPE? Y OR N",File$
4230 IF FileS-*Y" THEN 4260
4240 DISP "RUNNING"
4250 RETURN
4260 DISP "IF YOU HAVE DATA STORAGE TAPE IN :T14 THEN - CONT
4278 PAUSE
4280 GOSUB Create
4290 DISP "RUNNING"
430 RETURN
4310 Dcom err:
4328 DISP "I/0 ERROR,OVERLORD, HIT CONT
4338 STOP
4340 Pause:! Pauses data c:ollection
435 IF NOT Data-collect THEN Err
4360 Pauseit
4378 EXIT GRAPHICS
4380 PRINTER IS 16
439e PRINT "YOU ARE AT A PAUSE"
4488 RETURN
4410 Err:
4429 DISP "IMPROPER COMMAND!!!!!!"
4430 RETURN



4-440 ':ont in.e: I Starts r.h. dat.a ,:.1 1 -t ion agai r
4450 IF NOT Paui THEN Er
4460 P &use =0
4478 IF Plot=03 THEN Clear
4480 GRAPHICS
449-0 RETURN
4500 CIear:PPINTER IS 16
4510 PRINT PACE
4528 RETURN
45a3 Er: !
4540 DISP "IMPROPER COMrPrDI!! "
4550 RETURN

4540 Stxt s:
4570 CALL P - t at si. t. at :- *.. 0 . . * Coy: P, S5 Sam p 1 e)
458 RETURN
4590 Cr at e:
4i0 MASS STORAGE 1. ":T14"
4-610 INPUT "Input ti 1* n ne ?,Fn.ame$
4,620 STANDARD
4630 PRINT "Set,";Set.
4640 PRINT OFILE NAME=";Fnames
4650 PRINT "SAMPLES- ;3-aple
4660 CREATE Fn=ame$,Set,7000 1:307 BYTE3 A.RRAY + 1200 BYTES3 -3TPIN.

4670 ASSIG'N #1 TO Fnares !One data. et = 4400 BYTES= 44 BYTE3 PER SAIPLE
4680 PRINT #I:Set
4690 PRINT #*;Saklple
4780 ON END *1 COTO 4720
4710 PRINT 41I:."-3IK..f' l'+D1O *.,E1(*:,Ft(*),Tt$-)
4720 PRINT "'Set I tori,"
4-730 IF SetI THEN 4:340
4-740 ON END #1 COTO 47.i,3
4750 PRINT *1;R2:.:,2, .... :. D2(*),
4760 PRINT "Set 2 stored"
4778 IF Set,2 THEN 4:340
4790 ON END #1 GOTO 4300
479 PRINT #t;A3,*),B3*),C3' :.D3'",E3,*:,F3,,T35.
4-800 PRINT "'Set .3 stored"
4910 IF Set=3 THEN 4:40
4828 ON END #1 GOTO 4340
4838 PRINT 1 ,
4840 PR I NT "'St or ge done"
4850 MASS STORAGE IS ":T15"

486O RETURN
4878 Dobug: ! MODIFY AUSTRON PROG,.RAM FOR AIRCRAFT OR VESSEL USE.
4880 INPUT "Do you want to insert the iiUSTPON proram patc.:h Y/IN I", Delt.jg
44890 IF DelbugS<>"Y" THEN 4950
4.900 RESTORE 4920
4-918 READ Bugs(*'
4920. DATA DEBUGOPI0346.RE77O0,OP15570,RE4780,OP15571,RE6340,P153i72,RE716o,Pi
5 I-lRE7470,P55?4,RE76:34, OP15575,RE?716,OP1576,RE747,OP1565,RE377
4-930 DATA OP15617,RE1T.lOP15631.REI375,OPI5640'PE1374,OP15774,PE557,.OPtT75,R
E0i370P57.RE5OP15777RE777O1,0P14 RE770P64, RE0O2. DONE

4-940 Dug ¢om-l
4-950 RETURN
4-968 END

4980 SUB Kbd '.ir KEYBOARD SERVICE SIJBROUTINE
4-990. Kbd isr: COM Kbd'C.591,Clri.or,D.:omSC500],Sel ,:ode,Kbd
5000 DIM K5C203
10 a Kbd I
5020 ON ERRGR GOTO KeIof !Run time error oc,:ur in,; when program i running
5030 KSK.DS 'St.ore k,., pressed in KS
5 04, OFF ERROR !Disabtis ON ERROR statement.
5050 Nq- tkt,.: IF NJOT LENHK.S) THEN Coway
5460 IF NOT Cursor THEN Beep
5070 K"NUM(K$)



5080 IF K=2255 THEN Sec ond Implies . spec ia.l fuic t iori kr e' hi t
5090 KS=KSC23 fKey stroke = second key hit
5100 IF .Curzor=1.60) OP <K=12) THEN Beep
5110 IF K=8 THEN Lf
5120 Kbd$CCursor;13=CHPS(K)
5130 Ri: IF LEN(KbdS)<Cursor THEN Nextkey
5140 TDISP Kbd$ECwrsor;13
5150 Cursor=Cursor~1
5160 COTO NextkeV
5170 Keyotl: DISP "Keyboard bui~fer overfilow."
5180 BEEP
5190 Go w ay: SUBEXIT !Returns to cal iling program briore SUBEND is rached.
5200 Second: IF LEN(K$)>. THEN Sfk
5210 KS-K$&KBD$
5220 COTO Second
5230 Sdek: K=NUM(KSI2L.
5240 KS-KSE33
5250 ShiftaK DIV 64
5260 K=BINAND(K.63)
5270 ON ERROR GOSUB Nada
5290 ON K+1 COTO U,1UJJ,5Iv,7U,9IaIbIcUeU
5290 ON K-15 COTO Step,Pa,Ru,Co,StEx,L,i,Jp,n,Pli,l~.Ho,Clr,C.e
5300 ON K-1Z0 COTO) Dl.:,ncDiln,Rci,Tab,Tbs,Tbc,Typ
5310 ON K-49 COT') Bs,Res,Stop,ClI
5320 OFF ERROR
5330 Beep: BEEP
5340 COTO Nextkey
5350 ?4.da: RETURN
5360 Pa: WRITE 10 Sel code,5;1
5370 WRITE 10 So1 code,4;46
5380 WRITE 10 5.1 _code,5;131
5390 BEEP
5400a WAIT 200
5410 -BEEP

5420 WRITE 10 Sol code,5;1
5430 WRITE 10 Sel code,4;7
5440 WRITE 10 S1 _cade,5;132
54513 COTO NextkeV
5460 Bs:
5470 Lf: IF Cursor<2 THEN Noxtkey
5480 Cursor-Cursor-1
5490 TDISP CHRS(:3)
5500 COTO Nextkty
5510 Cir: IPRINT PACE;
5520 DISP
5530 C11: Kbdl='",
5540 Ho: Cursor-1
355 COTO PallI
5560 C2.: Kbd$CCursor3="'
5578 Pall: TDISP CHRS12)&Kbd$RPTS(CHRS(3),LEN(Kbd)-Crsr1)
5580 COTO Ntxtkty
5590 Co:!
5600a St: !
5610 EX: IF (K<19) OR eK>21' THEN Beep
5620 Cursor*O
5630 SUBEXtT
5640 U4: Kbd-0 I RETURN KEYBOARD TO CALCULATOR M~ODE
5650 Cursor*8
5660 SUBEND !Returns to calling program.
5678 SUB Get lint(LintS)
5688 Got 1in.:COM Kbd$1159]..CursDr,DcomSCSO0l,3e1 code
56983 Loop: IF NOT FNKbd -r-eady THEN Loop
5700 Lin*SuKbdZ
5710 TDISP CHRS(12) !Clears the entry keyboard line
5720 b%=
5738 Curso,'uI



5748 SIJEEND
5 758 0 SUB Dcom iarl COMMUJNICATIONS SUBROUJTINE
5760 Dcom isr:COM K 1,u.D:m~8ISlcd
5770 DIM DSC3:303
5780 DSxTBUF$ !This stores data coming in fromr~ ?SO3,,A
5790 into D* from TBUFS
58ge IF LEN( DS) LEN(D-corrvi,*- 500 THEN~ Error,
5818 IF LEN<DS)+LEN(D-:orn$S' , 500L3 THENI Dcom$="
58a241 DccmSCLEN(Dcom~i+l3=Dz ARdd on to the internal tuier
5838 SUBEXIT
5848 Error: DISP "Ditacomm o-.errun."
355 OvrzLEN(DcomS)+LENkDs)
51868 DISP "Ouierun= ;O-.r
5878 Dcoms-Ds
5888 BEEP
5898 SUBEND
5908 SUB Dcom_setup-'Err) SETUP RS 232
5910 Dcom stt:COM KbdSC1591,Ciarsor,DcomZC5003J,Sel_:ode
59281 READ Stopbi ts, P3ri ty, Bi tsperchar, Bitratefictor
5930 DATA 1,2-,8,2 !At 9600 baud/ bit rate factor is 1/16
5940 Err-O
5950 IF NOT IOSTAiTUS(Sel code) THEN Error !If RS-232 is 0 / not
5968 operational then an error
59,70 occurs.
5980 STATUS Se*1 code.;S S is the status of the
5990 RS-232,0 to 511,S=402
68800 IF BINANDS,45)<>16 THEN Error BINANDf,40 ,4a)=16
6818 WRITE 10 Sel _.ode,5;l Set contre.l mode
6828 WRITE I0 So1 code,4;64 IReset USAPT
6030 WRITE 10) Sd ro-de,4;Stopbits*644Pirit,-*16+(Bitsper.:har-5S)4.Bitr
atef .:t or Set mode word
6040 WRITE 10 Se1 _.ode,4;39 Set control word
6850 WRITE I10 Sel *:ode,5;'3 Set data mode
68~a READ 10 Sel 7ode, 4;3' Read,r-eister(4-3=13S
6878 WRITE 10 Sel _code,7;8a
6088 WRITE 10 Sel code.5;132
60998 STATUS S.1 _code;S' S=402
6189 IF BIN8ND(S,l23) THEN SUBEX IT I BN A ND ( 4 2,125)1
6119 Bit 7 interrupt enable or
6128 Bit 8 Peripheral Status
6139 has to be enabled
i140 Error: DISP "Select code not operational."
6158 BEEP
6168 Err=1 IF Err-l upon exiting slsbpro.;ram,?thzn communicM ions
6178 link was not established.
6188 SUBEND
6198 DEF FNDc ready CHECK FOR CR OR SOH CHARACTER IN DcomS
6280 Dc rdy: CON Kbd$t159],Cursor,DcomSt5883,Sel codeo
6218 RETURN POS%'DcomS,CHR$l10 OR POS<DcomS,CHRS<129)) !If there is neitner
then

62208 RETURN POS(Dcom*S,CHRS(13)) OR POS(Dcom3,CHR$.,1)) 'If there is niithtr th
on
6230 a 8 is the returned
6240 FNEND
6258 DEF FNKbd ready) CHECK FOR CR (EXECUTE, CONT, OR SF4)
6268 Kbd rdy: COM KbdSCI59J.Cu Lrsor ,DcomSCSG82l,SeI code
6270 RETURN NOT Cursor Returns a 8 if Cursor is I
62880 Returns a 1 if CONT,EXECUTE,STORE
6290 !was hit
6308 FNEND
6310 SUB Get data<AS,Prompt) IGet -data from Dcom,data in circular buf~fer TS'.JFS
6320 Get dati:COMKbSl )CroDcm582e od
6338 Promptal
6340 DIM "SC5003
6350 IF NOT FNDc Ire ady~ THEN 6358
6360 N1zPOS<Dcomi.CHP5( 14U.) !Position of CR in data



6379 NIxPOS(DcomS,CHRzK1.3)j 'osition of' CR in data
6380 N2xPOS<DcomS,CHR$K129)) !Position of' SOH in datai
6390 IN2wPOS<flcorn,CHP$(1>) !Positioni of SOH in data,
6408 IF N2>0 THEN Data 41' SOH is in the data then take out strip
6410 !chart data
6428 A$SDcomSE1,N1-13 It no SOH data is everpthin; up to the CP
6430 Dcom$=Dcom$CN1+13 The rest of' the data is put into Dcoms
6440 IF ASE1,1J=CHRUI.3:) THEN AT=iAI23 Qf' the f'irst character is a LF tanw.
6450 1 IF i0%113CHFJ< 10 THEN RS=RSC22 !If' the f'irst character is a LF taV=
6468 I ever't hi n. af'ter the LF
6470 FOR 1=1 TO LEN(ii$
6488 ZSEI.I1=CHR$VNUM(AI,I3)-128)
6498 NEXT 1
6500 AS
6510 SUBEXIT
6520 Data: IF LENDcomS)-N2<9 THEN Depart If' the data is less than 9
6530 characters then the data is no go
d
6540 Pronmpt=Z !goto loop
6559 RT=D.::rw5N2qNZ*93 IStripchart date is taken out and put in At
6560 Dcom$=Dcom3E 1, t'2-13&Dcor$EN2+103 Yemai ni ng data is combined
6579 SUBEXIT
6580 Depart: Pronpi;=:3
6590 SUBEND
6600 SUB Disp run(O(*),N,Xmn,Xmx,Ymn,Ynx,Mp,Xaxes,YaxesPrx,Pr,Cba, L.b, Ctb,Cbc,
Lcb2, Lcb3, Stp, Sdev(*))
6618 DIM Yd(l),Xd( 1),Xplot(1),Yplot(1) ,X$C32,YSE33,CbK1),PSt293
6628 IF N<=O THEN 6660
6630 Dev-w=SdevK2, 1)/SQR(N)*100
6640 Dev x=Sdev(2,4)/SQR(N)+1080
6650 Dev v=Sdey(2j65iSQR<N)*190
6660 ON Xaxes COTO) 6670,6700,6730,6760
6670 XS=TDW'
6680 Xplot=0(1)
6698 COTO 6780
6788 X$="TDX"
6718 XplatOCZ2)
6728 COTO 6788
6738 XS="TDY''
6740 Xplot-O(3)
6758 COTO 678S0
6768 XS-'TDZ''
6770 XplotO0(4)
6788 ON Yaxes COTO)6h8 0,8068
6798 YS="TDW"
6888 Yplot=O(1)
6818 COTO 6900
6828 Y$in"TDXO
6838 Yplot=0(2)
6840 COTO 6988
6858 Y$=-TDY"
6868 YplotsO(3)
6878 COTO 6900
6888 YS=OTD:'
6898B Yplot=O(4)
6988 Xd-Xmx-Xmn
6910 Yd=Ymx-Ymn
6928 Cb=D~v-w*(Yd/5s))
6938 Cb2=D~v-x*(Yd'58O)
6948 Cb3=Dev-v*(Yd/30)
6958 IF 14>0 THEN 7520
6968 PLOTTER IS 13,'CGRAPHICS''
69713 GRAPHICS

6998 CLIP 9,13,0,100
7880 FRAME



7010 UNCLIP
7026 SCALE XnX.2 rn+'*.mn.j..,n4Y.15
7838 CLIP Xm<rn-Xd*. 25. ?m-d.10, Ymnn. Ymx
7046 AXES 1,Y''.Xm~* 5 m,5,
7950 CLIP Xmm,Xrmx,'(mn,Ytax
769 xtic=Xdj/10
7970 Ytm:s'(ld/t
7686 A'-XES Xt ic , Y i c ,Pr .Pr-,,I ;j,11
7896 FRAME
7186 UNCLIP
7116 MOVE XMxX.d*.G,Yrn
7129 LABEL USING "K,";x$
7136 DEG
7146 LDIR 0
7150 LORG 1
7166 MOVE Xmn,Ymx+Yd*.0l
7-176 LABEL USING 'K";YS
7186 LORG 2
7198 FOR J=1 TO 10 STEP I
7266 MOVE Xmn-Xd*.23,YmniJ*Kly/I0)
7211a LABEL USING "K;J*5
7226 NEXT J
7230 LDIR 6
7240 LORG 6
7258 CSIZE 3,.5
7260 MOVE Pr'<,Ym~n-Ydi*.01
7278 LABEL USING "DDDDD.DD";Prx
7286a LDIR 270
7290 LORG t;
7300 CSIZE 3,.5
7318 MOVE Xmn-"Xd'.O1,Pry
7329 LABEL USING "DDDDD.DD";Prv
7330 MOVE Xmn-Xd*.25,Ymn
7340 DRAW Xtan-Xd*.I10, Yn
7359 LDIR 0
7360 LORG 6
7370 MOVE Xmn-Xd*. 2, Ymn-Yd*. 009
7386 LABEL USING "K"; "wx"
7398 MOVE. Xmn-Xd*.16,Ymn-'ed*.09
7-400 LABEL USING '" ~
7410 MOVE Xmn-Xd*.12^,Ymn-Yd*.009
7426 LABEL USING 'K"; "V=
7430 MOVE Xmn-Xd*.18,Ymsn
7446 DRAW Xmn-Xd1*.1:3,Ymn.Cb
7450 MOVE Xmn-Xd*.Li,Ymn
7468 DRAW Xmrv-Xd*.16,Ymln4Cb4^
7470 MOVE Xmn-Xd*.12,Ymfn
74863 DRAW Xmn-Xd*.12,Yimn+Cb3
7499 LINE TYPE 1
7566 MOVE XunPry+Mp*(nu -Prx)
7519 DRAW Xmx,Pry+p*(Xx-Prx)
7526 LINE TYPE 42
7530 MOVE xplot,Yplot
7546 DRAW Xplot,Yplot
7556 IF N=O THEN Xplot=Xmn
7'560a IF N=O THEN 'eplotmYmn
7576a POINTER Xp1'ot,Ypiot.2
7586 IF N>9 THEN 7606
7590 COTO 7756
76668 LINE TYPE 1
76-10 PEN -1
7620 MOVE Xmn-Xd*.18.'(an
7636 DRAW Sxmn-xd*.ia,YmneLcb
7646 MOVE Xmn-Xd*.16,Ymn
7650 DRAW Xmn-X<d*.Li,Ymn+Lcb2
7660 MOVE Xmn-Xd*.1Z,Ymn



7678 DRAW Xmn-Xd*.12,Ymn.Lcb3
7680 PEN 1
7698 MOVE Xmn-Xd*. 13,Ymn
7780 DRAW Xmn-Xd*. 18,Ymn+pCb
7710 MOVE Xmn-Xd*.I15.Ymn
7720 DRAW Xmm->Xd*. 16.Ymin+Cb2
7738 MOVE Xmn-Xd*.12,Ymn
7740 DRAW Xmn-Xd*.12,YmneCb3
7?50 PEN 1
7760 Lcb=Cb
7770 Lcb2-CbZ
7788 Lcb3-Cb3
7790 SUBEND
7388 SUB St(O(*),N,Stat(X),Cov(*&),O set(*))
7818 DEFAULT ON
7828 OPTION BASE 1
7838 DIM VYar(4), X<4)
7848 IF N>l THEN Jump
7858 MAT Oset-O
7868 MAT STatz(O)
7878 MAT Covo(Q)
7888 MAT Var=(O)
7998 Jump:FOR Im1. TO) 4
7980 X(I)=O(I)
7918 X(I)=XIl)-O set(I)
7928 !ttIISa(1I+<I Cu.mulative sum
7930 Stat(2' ,I)=Stat('-,).<(I)2 !S.Jrn2
7940 i~(,ISa(.I' !Ave
7950 Var< 1)='Stat(2, I)/N-Stai~t3, 1.s2
7968 IF Var(I)<0 THEN Next
7978 Stat(4,1)=SQR(Var(I))
7988 Next:!
7998 NEXT I -

8888 Cou(l,L)=Cav(1,t)+X(I)*X(2)
8818 Cov( 1, 2)-Cov( 1, 2).X( I)*X(3)
8828 Cov( 1, 3)-Cov(1,3).X( 1)*X(4)
8838 Cov( 1, 4)=Cov( 1, 4)+X(2)*X(3)
8848 Cov( 1, 5)=CotI, 5).X(2)*X(4)
8858 Cov(1,6)-Cov(1,6)+X(3)*X(4)
8868 Cov(24,1)Cy(1,1)N-Stat3,1)*3tat(3,2)
8878 Cov(2,2)=Cov(1,2)/N-Stat(3, 1.)*St at(3,3)
988 Cov(2,3)=CovA1,3)/N-Stt(3, 1,*Stat(3,4:
8898 Cov(2, 4)=Cov(1 ,4)/N-Stat(3,2.tat(3.3)
8108 Cov(2, 5)=Cov( 1, S)'N-Stat (3, 2)*Stat (3,4)
8110 Cov(2,6)-Cov(1,6)/N-Stat(3 , 3)*Stat(3,4)
8128 Co(3,1ICov(2,1'/<Stat<4,1*St.t<4,2))
8130 Cov(3,2)-Cov(2,2)/(St~at(4, 1)*Stat(4,3))
8140 COv<3,3)=Cov2,3)(StatZ4, )*Stat(4,4))
8158 Cov(3,4)Cov<2, 4)/Stat(4,2)*Stat(4,3))
8160 Cov(3, 5)=Cov(2, 5)/(Stat (4, 2>*Stat (4, 4))
8179 CovC3,6)uCov(?.S)/(Stat<4,3)*Stat<4, 4))
8188 SUBEND
8198 SUB Reg(Stat<*),Cov<*),S(*),R(*),Offs~t (*))
8288 OPTION BASE 1
8218 DEFAULT ON
8228 S(1, 1)-S(I,2)=S(1,3)-Stat(3, 1)+O~fset(1)
8238 S 1, 4)S(I, 5)-Stat (3, 2)*Offset(2)
8240 S(i,6)-Stat3,3).O't'set(3)
8258 S(2,1)=Sta&t(3,2).Oitfset(2)
8268 8(2.2-S(2. 4)Stit(3,3)+Offs~t(3)
8278 8(2, 3)=S(2.',5)=S(2,6)=Stat(3,4.Ofsst(4)

8290 S(3, 4)mS(3, 5)=Stat(4, 2)
6388 S(3,6)uStat<4,3)
6310 S(4,1)mStat(4,2)
6320 S(4,2)nS(4,4)=Stt(4,3),



83393 S(4,3)=S(4,3)3(e4,6)=Stat .4,4)
8340 FOR Iul TO 6
8359 Ind var:!
839 1v1t
8370 D-2
8388 IF 3(4,1)>S(3,I) THEN Ivs2
8399 IF S-14,I)>S(3,I) THEN 0=1
8409 R(3,I)=Iv
8410 Slope:!
8428 R(l,I)-Cov(3, I)*S(D+2, I)'S( Iv+2, I)
8430 IF 1vm2 THEN R1I1R1I
8440 Residual:!
8450 C=1-Cov(3,I)',2
849 IF C\O THEN 8480
8479 R(2,1)3S(D+2,I)*C".3
8489 NEXT I
8490 SUBEND
8599 SUB Pstats(Stats(*> , _jet+, COV4) , P(4) , Sampi e)
9519 OPTION BASE 1
8529 PRINT

853 PRINT LIN4(1);TAB(21);"(TDW)";TAB(3);(TDX)";TAB 31I;" TDY'>";TAB(66);.:TD

S549a FIXED :3
8559 PRINT LIXNU;TAB:';"C.UMULATIVE AVERAGE";TAB(20);Stats(3,1).O 1q?( 1;TAB(

8569 PRINT L14(1);TAB( 1; "STANDARD DEVIATION"; TAB(213) ;StatS(4, 1); TABR5.;St las
(4,2);TAB(50);StatS(4,3);TAB(65';3Btazzs(4,4)
8579 PRINT LIHN2);TRB(25);'(WX)";TAB(44);(WY)";TAB(64.:"(WZ.'-
8589 PRINT LIN(1);TAB(1);1C0RREL8TION COEFFICENIT':TAB(24);COV(3,.:.;TAB(43);COV
(3,2); TAB(63) ;Cov(3, 3)
8599 PRINT LIN(1);TAB(L);"REGRESSION LIN4E SLOPE"*;TRB(24);R(1,l);TAB(43);R(1,2')
;TA3(G3);R(1,3)
8608 PRINT LINtr;TA(ls;"RESrDUAL';TAB(24);R<2,L);TA.43);R(2,.)T3(3);P(2,
3)
8619 STANDARD
8629 PRINT LIN(1);TAB(1); "INDEPENDENT VARIABLE";TRB324);R(3, 1);TAB(4:3);P&3.',2-);
TRB63) ;R<3, 3)
8638 FIXED 3
8640 PRINT LIN<2);TAB(25);(<XY)";TAB(44);"(XZ)";TAB(64);7(Z)'I
8650 PRINT LIN(i);TAB(1);1CORRELATION COEFFICENTTAE.24)ov.3.4;TAB43);C*v)
(3,5); TAB(63) ;Cov'k3, 6)
8669 PRINT LIN( 1); TAB( 1); "RECRESSION LINE SLOPE"; TAB(24) ; R( 1.4); TAB343) ;R( 1,5)
TAB(63) ;R( 1,6)

8678 PRINT LIN(1);TRB(1); "RESIDUAL";TA324;R2,4);TAB(43);R(2,5.;TAB6.3;R 2.
6)
689 STANDARD
8699 PRINT LIN(1);TAB<1); "INDEPENDENT YARIABLE";TAB(24;.;R(3,4);TA3B(43);R(3,5);
TRB( 63);R( 3, 6)
8799 PRINT LIN(L);"SAMPLES-";S~AMpl*
8719 PRINT

87293 PRINT LIN(1)
8739 SUBEND
8749 SUB Craf(Xmn,Xmx.Ymn,Ymx,Np,Xax~s,Ya.iLsPrxPrv,)
8759 STANDARD
8769 READ Xi.axsYaxts,.Xmn,Xmx,Ymn,Ymx,Prx.Pry,Mp
8779 DATA 2-,3,-&135.O9.26136.0,43995.8,43996.09,26135.7-;,43993. 36,0
879 RESTORE 0779
6790 GOTO 8890
8890e INPUT "Input what you want on the X-axes ? :1-W,2=X,3-'?,4amZ",Xaxe-s
80lo INPUT "Input what you want an the Y-.axes ? :1=W,2sX,:3sY,4mZ%'?a&x~s
8820 INPUT "Input X-MIN: 26135.98 7?%Xmn
839 INPUT "Input X-MAX: 26136.99 '",Xmx
8849 INPUT *Input Y-flIN: 43995.1M ?",Yihm
as$@ INPUT "Input Y-M'AX: 43997.00 ?*,Yimx



8860 INPUT "Input X-PREDICTED:26135.66 ?",Prx
8870 INPUT "Input Y-PREDICTED:43995.77 ?".,Pry
888 INPUT "Input predicted SLOPE :1 ?"1Mp
8890 PRINTER IS 16
8988 PRINT "X-&xs=';Xa es
8910 PRINT "Y-a.xes=":Yxes
8920 PRINT "Xmjn=";Xmn
8930 PRINT "Xmax=";Xmx
8940 PRINT "Ymin=";Ymn
8950 PRINT ".max="; Ymx
8960 PRINT "PREDICTED X=";Prx
8978 PRINT "PREDICTED Y=";Pry
8988 PRINT "SLOPE IS=";Mp
8990 INPUT "Are the graphic parameters displayed abotie correct ?:Y or N ". a
$

9006 IF Dtas<>"Y" THEN 8800
9010 OUTPUT 9;"R"
9020 ENTER 9;At$
9038 PRINTER IS 0
9040 PRINT "X-AXES -";X-axes
9850 PRINT "Y-RXES *";Ya~.s
9660 PRINT "X-RXES";Xmn,Prx,Xmx
9070 PRrNT "Y-AXES" ; lmn, PrV, Yinx
998 PRINT "SLOPE=";Mp
9090 PRINT "DATE IS ";Rt$
9100 SUBEND
9110 SUB Triangle('SSb,3,:,A,B.C
9120 INTEGER E
9130 DEC
9148 S=(Sa+Sb+Sc)/2
9150 ON ERROR GOTO 9179
9160 COTO 9199
9178 PRINT "ERROR 25";A;3;Sa;Sb;Sc
9188 SUSEXIT
9190 RACS(2*$*(S-,Sa),,(Sb*Sc)-I)
9200 D=Sa/SIN(R)
9210 BoRSN(Sb/D)
9228 CNASN(SCID)
9230 OFF ERROR
9240 ESR+B C
9258 IF (R<90) AND (E<)13) THEN Alt
9268 SUBEXIT
9278 Alt: IF Sb<Sc THEN RIt2
9288 8=180-9
9290 E*R+.BC
9308 SUVEXIT
9310 Rlt2: C=180-C
9328 E=R+D+C
9339 SUREND
9340 SUB Poaition(Zo(*),Alpha,S,:,Sign,B,Zq))
9356 DEG
9360 OPTION BASE 1
9370 Theta-Alpha+Sign*B
938 Z(1)wZo(1)+Sc*SIN(Thet)
9396 Z(2)Zo(2)eSc*COS(Theta)
946 SUBEND
9410 SUB Plot_ y(SampleWp_x,Wp.y,Ap(<*),R)
9420 Ax(I)mAp(1)
9436 RW(1)=Ap(2)
9440 MtnxsWpx-R
9450 Maxx-Wmpx.R
9460 Miny&Wpy-R
9470 Maxy*WpyR
9480 T02
9490 N-Sample
9500 IF Nt THEN 9830

.; t



9510 IF Sampl*>O THEN 97'?0
9520 PLOTTER IS t3,"GRAPHICS"
9530 GRAPHICS
9540 LOCATE 10,10.,10,100
9550 FRAME
9560 SCALE Minx.MtxxM1ny,MaxY
9570 AXES .1.,px,WP_,l0.10
950 MOVE Ax(1),Avy1)
9598 SUBEXIT
9600 DEG
9610 MOVE Minx,Miny

9620 LABEL USING "K";Minx
9630 LORG 3
9640 MOVE Maxx,Miny
9658 LABEL USING "K";Ma~x
9668 LORG 8
9670 LDIR 0
96a8 MOVE Minx,Wpy
9690 LABEL USING "K";WpV
970 LORG 7
9710 MOVE Minx,Miny
9720 LABEL USING "K";Miny
9730 LORG 9
9740 MOVE MinxMaxy
9750 LABEL USING "K";Maxy
9760 MOVE Sx1,Syl
9770 Ax(1)*S×x
9780 Ay(1)uSy4
9790 LINE TYPE 1
9800 DRAW Ax(I ,Vl)
9810 POINTER Ax.1:),Ay(t)
9820 GOTO 9850
9830 MOVE Rx(1),AV'I)
9840 POINTER Ax(t),Av(l)

9850 PRINTER-IS 0
9860 SUBEND
9870 !
9880 SUB Plot ct(Ct,At,RN)
9890 IF H>0 THEN Plot
9900 Kai
9910 Ctue
9920 At-O
9930 PLOTTER IS 13,"GRAPHICS"

9940 GRAPHICS
9950 LOCATE 20,80,10,100
9960 SCALE -.2,.2,-.2,R
9978 AXES .61,.1,0,6,16,10
9960 SUBEXIT
9990 Plot: POINTER Ct,Az
1000 IF 4.l THEN 10030
16010 DRAW Ct,At
10026 SUBEXIT
10030 MOVE Ct,At
10040 POINTER C:,At
10050 K=8

10060 SUBEND
16078 SUB Debug(A$,Bug$(4),EBugcom,Bug count)

100680 IF 3ug .ount>38 THEN 10110

19690 AsaBugs(Bug-.ount)
10106 SUREXIT
10118 lug coatwe
10120 SUBEND

t
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LOADING THE AUSTRON 5000 PROGRAM FROM THE 9845 AT 300 BAUu

I. Secure all power.

2. Set M8o5, Mooule in PDP8/E to Cooe 0304, 300 oaUo.

3. Connect cable to the M8655 moaule and the RS-23 C from the 9845 computer.

4. Set RS-232C bit rate switcn to 300 baud (position 7).

5. Set interface select code on the RS-232C to position (AU).

6. Energize AUSTRON 5000 system and 9845 computer.

7. Load bootstrap ana check for validity.

8. Load program "LOAD30" into 9845 computer.

9. Push run on 9845 and wait for 3 beeps, then hit CLEAR/CONT on tne PDP8/E.

10. When program is loadea l12 minutes), set adoress 0200.

11. Load program "SURVEY" into 9845 computer.

12. Push RUN on 9B4! computer.

13. Hit CLEAR/CONT on AUSTRUN 5000 system.

14. The following AUSTRUN test data snould appear on 9845 computer.

AUSTRUN SYSTEM 500

LORAN-C MONITOR TEST VERSION 2/8/77

15. Set up AUSTRON 5000 system in accordance witn the AUSTRUN command oic-
tionary (appendix A).
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LOADING THE AUSTRON 5000 PROGRAM FROM THE 9845 AT 9600 BAUD

1. Secure all power.

2. Set M8655 control card to Code 0304 and 9600 baud.

3. Connect cable to the M8655 module and the RS-232C interface from the 9845
computer.

4. Set the RS-232C bit rate switch to 9600 baud rate position tposition 10).

5. Set interface select code on the RS-232C to position 10.

6. Energize AUSTRON 5000 system and 9845 computer.

7. Load bootstrap and check for validity.

NOTE: MAKE SURE YOU ARE AT FIELD 0 FOR LOADING BOOTSTRAP.

8. Load "LOAD96" into 9845 computer.

9. Push run on 9845 computer and wait for 3 beeps, then press CLEAR/CONT on
the POP8/E. (Lights will come on as the 300-baud rate order, only the
load time is 30 seconds instead of 12 minutes.)

10. After program is loaded, go to address 0200.

11. Load "SURVEY" program into 9845 computer; hit RUN.

12. When 9845 is ready, set address 0200 on PDP8/E and hit CLEAR/CONT.

13. The following AUSTRON test data should appear on 9845 computer.

AUSTRON SYSTEM 500

LORAN-C MONITOR TEST VERSION 2/8/77

15. Set up AUSTRON system in accordance with AUSTRON command dictionary.
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POP8/E LIGHT INDICATIONS WHILE LOADING AUSTRON PROGRAM (300 BAUD)

1. Load bootstrap (switch in "MD" position).
2. M8655 card set to 0304 code.
3. Verify bootstrap (examine switch).
4. Set address 0030 (switch in "STATUS" position).
5. When program is loading, the "LINK" light will blink.
6. When loading, the RUN light should be lit.
7. After start of load process, the address lamps should indicate 7675 after

18 to 28 seconds.
8. After 3 minutes and 40 seconds, the DF2 lamp should light.
9. After 8 minutes, the OFi lamp should light.

10. After 12 minutes, the address lamps should indicate 7777.
11. Program is loaded, RUN light is out.

NOTE: AT 9600 BAUD, THIS PROCESS TAKES 30 SECONDS.
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I !THIS PROGRAM IS CALLED "LOAD:30"
10 THIS PROG:AM READS THE AUST.ON 5000 MONITOR DATA FROM THE HF-9:45 TRPE.
20 I THEN SENDS IT TO THE ?DP-S. LHEXi IT 1S LOADED I:rir THE FDP-.3.
30 CS CONSIST OF THE ASCII COLE PROGRAM FOP THE RUSTRON 5000 MONITOR 5"'STEM.
40 DIM CSC1SS?72 THIS IS THE EXACT SIZE OF THE MONITOR PROG.
50 ASSICN *1 TO "CS'
60 READ *1,1
70 READ #1:C:j READS C&DTA., FROM 9S43 TAPE.
s3 CALL Writs .:-ntr-,lO:,
90 OUTPUT 1O USING "*,B';:
100 WAIT ZOO
110 OUTPUT 10 USING "#,B";37
128 WAIT 200
130 CALL Write c.ontrol( )
140 OUTPUT 10 USING "#.B";64
150 OUTPUT 10 USING "*.B"; 207 SETS BAUD RATE. RATE IS 30 BAUD.
160 OUTPUT 10 USING "*,0-;37

170 CALL Write control .i
180 OUTPUT 10 USING ",B";S

190 OUTPUT 10 USING ",3";39:
200 CALL Write control(:,
210 CALL Write control, K SETS UP THE R-232 INTERFACE.
220 OUTPUT 10 USING "#,B";39 1 MAKES THE HR-9:45 A TRANSMITTER.
230 CALL Write control(0,
240 WRITE 10 IO,6;i 1 WRITE TO THE 10.
250 PRINTER IS 10 MAKES THE R5-232 LOOK LIKE A TECEI'.ER.
260 BEEP
270 WAIT 1000
2f0 BEEP
290 WAIT 1000
300 BEEP
310 WAIT 10000 I AFTER 3 BEEPS, YOU HAVE 10 SECONDS TO HIT, CLEAR, CONT, ON

THE PDP:3-E. TI: LOAD PROGRAM FROM HP-9:45.
3 20 OUTPUT 10 USINIG "#,K";C$
Z50 END
360 SUB Write-control(Cntrl ,word,,
370 CONTROL MASK I :C.ntrol word
3:30 IF NOT IOFLAGVI) THEN 30
390 WRITE 10 10,5;Control word
400 SUBEND

S



I. THI- ?POGPA-M :' -LMLLED 'LlAD96,
20 THi' ?F3,1:r1 9EALD;, TnE ACFI"'ON 5000 11ONZTOF: DATA FROM THE HP-'.5:.45 TAF.
30 THEN SE.iDS IT TO THE PDP-S. WHERE IT IS LOADED INTO THE PDP-S.
40 CS CONSIST OF THE ASCII C, DE PROGRAM FOR THE FlUBTRON 5000 MONITOR ','Er.
50 DIM ,$1:38972 I THI: IS THE EXACT lS.UZE OF THE MONITOF PROG.
,0 ASSIGN #1 TO "CS"
70 READ #,1
.3L0 READ :. IPEAD5 CcDqTA:, FPOM ':945 TAPE.
90 CA L W rt4 r. e ::, 0tro I
100 OUTFUT 10 5 S IG B-":3
110 WAIT 200
120 OUTPUT 10 USING "*,B";.3
130 WAIT 200
140 CALL Wr i ft ,.:,cnt r .i r ,
150 OUTPUT 10 USING ",B'":64
160 OUTPUT 10 USING; "*,';206 ISETS LAUD RATE. RATE Is 9?.3o0 BRw;D.
170 OUTPUT 10 USING "#,B";37
1:30 CALL Write control'1>
1? OUTPUT LO, USING "#. ;:3
200 OUTPUT 10 USING "*,B";.3'
210 CALL Writ ,control 0.
220 CALL Write c,ntrijl1. SETS UP THE PS-232 INTERFACE.
230 OUTPUT 10 USINo;. ;*.3";3$z MAKES THE HP-9:B45 A TPAN:M!'ITTEF.
240 CALL Wr' *:otrI..0)
250 WRITE I) !0.6,;1 WRITE TO THE 10.
666 PINTER t3. 1.3 MAKES THE P'-232 LOOK LIKE A RECEIVEP.

270 BEEP
290 WAIT :000
290 DEEP
300 WAIT 1000
310 DEEP
320 WAIT 1000 I AFTEP 3 BEEPS, YOU HAVE 10 SECONDS TO HIT, CLEAR, CONT, ON

THE PDP:3rE. TO LOAD PPOGRAM FROM HP-9:3 45.
330 OUT;'JT 10 tIN'; "*,-";C
340 END
35 0 SUB Wr t no , Cont ro1 ,.ord,
360 CONTROL iASK ;0:,)nt:-ot ,or,
370 IF NOT IOFLAC 10') THEN 270
300 WRITE 10 16,5;ControI ,,rd
390 SUDEND
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CALCULATION OF VESSEL POSITION USING MINIRANGER

N

(x,y)
+No, Eo
(Xo, Yo) : (o,o)

RI R 2

B

R

C (NB, EB)
(XB, YB)

FIGURE G-l. REFERENCE TRIANGLE

Definitions:

A A,B,C = Triangle formed by survey vessel and two Miniranger reference
stations; A is vessel, B and C labeled clockwise from A

= Azimuth between reference stations (B to C)
R = Range between reference stations (B to C)
Rl  = Range from reference station to vessel (C to A)
R2 = Range from reference station to vessel (B to A)

NBE B  = State-plane coordinates of reference station (B)
NCEC = State-plane coordinates of reference station (C)
xB,yB = Local grid coordinates of reference station (B)
x,y = Local grid coordinates of vessel (A)
No,Eo = State-plane coordinates of local grid origin
Sign = +1 or -l depending on which side of the baseline (B to C) the

vessel is

Calculation of vessel's local grid coordinates:

Given: No,E 0
NB, EB
NC, EC

Measure: RI,R 2

G
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Solution:

- Calculate local grid coordinates of reference station (B)

xB = Ea - E0

YB = NB - No

- Calculate azimuth and range between reference stations

= ATN((Ec-EB)/(NC-NB))
If (NC-NB) -0 then Ce = a + 180

If a - 0 then Of = a + 360
R = SQR ((EC-EB) 2 + (NC-NB)2

- Calculate angles of A formed by vessel and two transponders
using low of sines1

S = (R + R1 + R2)/2

A =<A = ACS(2i*S*(S-R)/(RI*R2)-I)

D = R/SIN(A)

B =<B =ASN (Ri/D)

C =<C = ASN(R2/0)

If A -90o and A+B+C # 180 then either B or C is greater
than 900

The larger angle will be opposite the longer side:

if RI - R2 then C = 180 - C, B = B

if R2 - Ri then B = 180 -B, C = C

- Calculate local grid coordinates of vessel:

x = xB + R2 sin ((Y + sign * B)

y - YB + R2 cos (CY + sign * B)

Sign is normally 1; if the baseline is crossed then sign
switches to -1

G-2
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Considerations:

- The Miniranger range measurements are slant range, any significant
difference in heights between the master and remote transponders
must be considered. The difference between slant range (R) and true
range (R+) is a function of the difference in height between trans-
ponder (h) and the separation between transponders (Rt)1 .

R
h

Rt

FIGURE G-2. RANGE TRIANGLE

Rt = SQR (R2 - h2)

h2  h4  h6

2R "R3  "6R5

error e : R - Rt 2
2R

NOTE: If maximum allowable error is IM at 2000M,

= h0 ; h2 =4000; h = 63M

i.e., difference in height should be less than 63M.

- The correction to change horizontal distance from a cord distance to
an arc distance in the surface of a spheroid is a function of the
distance1 .

K=I.027 H3 x 10-15

for K lM
H 5 99 115 KM

For our purposes, this correction is not significant.

- The correction to change horizontal distances at the mean elevation

3f the transponders to the horizontal distance at mean sea level is

C~ -R h

for C = IM and R = 5000

h = 1 x 6,390,000 1278M

G-3
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Again, tnis is not a significant factor for our purposes.

- Until proven otherwise, the calibration of the Miniranger transpon-
ders should be checked daily before ana after data collection.

- The vessel position solution assumes a planar geometry. Tnis
assumqtion holds if the area of the triangle is less than 75 square
miles'.

for a right triangle witn RI=R2

Area = 1/2 Ri2

if Area = 75 mi2

R12 = y150 = 12.25 miles

The accuracy of position determined from a single measurement of two
ranges is a function of the crossing angles of the LOPs and the
accuracy of the range measurement (assuming that any bias errors
have been eiiminatea during calibracion).

7radial error = 1-414 r

sin A

Typical 0r = IM

A (aeg) Oerror(M)
90 1.4
60 1.6
45 1.63
30 2.8
15 5.5
10 8.1

ISurveying Computers Manual, TM 5-237, October 1964, Department of Army.

Calculation in program "SURVEY"

- Calculation of reference station Bs local coorainates ana tne range
and azimuth between reference stations is done in the subroutine
Data coll.

- The subprogram, Triangle, calculates the angles A,8,C.

- The subprogram, Position, calculates the local grid coordinates of
the vessel.
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STATISTICS CALCULATIONS, SUBPROGRAM
St(O(*), N, Stat(*), Cov(*), 0_set(*))

This subprogram calculates cumulative sum, sum of squares, mean, standard
deviation, sums of cross products, covariances, and correlation coefficients
for four variables.

Inputs are:

O(*) - current sample (4x1)

N - sample number

Outputs are:

Oset(*) - The first data sample which is subtracteo from succeeding
samples to eliminate roundoff error in stanoara deviation ana covariance
calculations.

Statt*) - A summary statistics array for the ouny variaole X(*) where
X(*) = 0(*) - 0_set*).

Note:
Mean O(i) = Mean X(i) + 0 set(i), i=l to 4
Standard deviation OUi) = Standard deviation X(ij, i=l to 4
Covariance Oi)O~j) = covar Xki)X(j), i=1 to 4

Entries in Stat(*) are:

N

Stat(l,i) = 7 x(i), i = 1 to 4

1

N
Stat(2,i) = Z x2(i), i = 1 to 4

N

Stat(3,i) = x(i)/N, i = I to 4

Stat(4,i) = x2(i)/N " ( xiN)2) /2

H-I
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Cov(*) - A summary covariance array for the dummny variable X(*).

Entries in Cov(*) are:
N N N N N N

coy X(1)X(2), coy X(1)X(3), coy X41)Xk4), coy Xk.2)X(3),

coy X(2)X(4), coy X(3)X(4)

r12, r13, r14, r23, r24, r34

where:

coy X(i)X(j) X(i)X(j)/N -ZX(i) X(j)

rij =coy Xi Xj/(GrXi* 0 xj)
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LINEAR REGRESSION CALCULATIONS, SUBPROGRAM
Reg(Stat(*), Cov(*), S(*), R(*), Offset (*))

This suoprogram calclates linear regression coefficients and residuals for
pairs of four variables. This program is supported by the subprogram St(O(*),
N, Stat(*), Cov(*), 0_set(*}).

Inputs are:

Stat(*) - A summary statistics array which contains the cumulative sum,
sum of sqaures, mean, and standard deviation of four variables. (See
appendix _.)

Cov(*) - A summary statistics array which contains the cumulative sum of
crossproducts, covariance, and correlation coefficient for each pair of
variables. (See appendix _.)

Offset(*) - The first data sample which is subtracted from succeeded data
samples to prevent round-off error in standard deviation and covariance
calculations. (See appendix .4

Outputs are:

S(*) - A 6x4 array which contains the means and standard deviations for
each pair of variables. Entries are

M1 M! M2  M2  M2  M3

M2 M3  M4  M3  M4  M4

(71 (71 (72 72  92 C 3

1"2 "3 (4 C"3  a4 0'4

where

Mi = mean of the ith variable
(7i = standard deviation of the ith variable

R(*) - A 6x3 array which contains the linear regression slope, RMS
residuals, and definition of independent variable. Entries are:

S12 Sl3 S14 S23 S24 S34

R12 R13 R14 R23  R24  R34

112 113 114 123 IZ4 134
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where

Sij is the slope of the jth variable with respect to the ith
variable.

Ril is the rms residuals of the linear regression of vari-
ables i and j.

Iij indicates which variable is used as the independent
variable in the calculations; if Iij = 1, the i = independent
variable; if lij = 2, then j = independent variable.

The linear regression of the variable y onto the variable x can be expressed-
in the following form:

(y-7) = m (x-i)

where y is the dependent variable
x is the independent variable
1 is the mean of the dependent variable
x is the mean of the independent variable
m is the regression line slope = rxyC"Y/Cx
rxy.is the correlation coefficient

(y is the standard deviation of the dependent variable

-x is the standard deviation of the independent variable

In the program, the variable with the larger standard deviation is chosen as
the independent variable for calculating slope. However, the value, Sij,
stored in the array R(*), i.e.,

Rli ; i = 1 to 6

is the slope of the jth variable with respect to ith variable. If the jth
variable is the independent variable, the slope is inverted before being
stored in R(*). The value stored in R3i indicates which variable is the
independent variable for the linear regression calculations.

The residual is calculated using the following expression.

Residual = Cdependent variable (1-r2)I/2

It is a measure of how well the linear regression line fits the data.

1-2
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VARIABLE LIST

Data Communications Arrays

Buf$(*)kKbdS(*)) - Stores keyboard entries when the keyboard is in the tele-
type mode.

Dcom$(*) - Stores data from the Austron 5000 (via TBUF$) until it can be
processed by the program.

A$(*) - Message to be transmitted to Austron 5000.

BS(*) - Message received from the Austron 5000.

Bug$(*) - Program patch for Austron 5000.

TBUF$ - Stores data from Austron 5000.

Data Communications Variables and Flags

Cursor - Transmit data to Austron flag.

Sel code - Select code for RS232 interface.

Command - Transmit data to Austron flag

Bugcom - Transmit Austron 5000 program patch flag

Kbd - Flag to switch from teletype to calculator keyboard mode switch not
kbd and cursor.

Data Arrays and Variables

Td(*) - TD sample.

TimeS - Time sample.

Sample - Sample number.

Set - Data set number, increments every 100 samples.

R1 - Range 1 sample.

R2 - Range 2 sample.

Al(*), A2(*), A3(*), A4(*) - TOW data.

B1(*), B2(*), B3(*), B4(*) - TOX data.

Cl(*), C2(*), C3(*), C4(*) - MDY data.
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O1(*), 02(*), D3(*), D4(*) - TDZ data.

El(*), E2(*), E3(*), E4(*) - Range 1 data.

F1(*), F2(*), F3(*), F4(*) - Range 2 data.

T1$(*), T2$(*), T3$(*), T4$(*) - Time data.

Miniranger Variables

Range_1 - Code wora for R1 transponder.

Range_2 - Code word for R2 transponder.

RI - Range measured to RI transponder.

R2 - Range measured to R2 transponder.

Mrs - 0 = collecting Miniranger data.
I = not collecting Miniranger data.

Ra - Side opposite angle A, baseline between reference stations.

Rb - Side opposite angle B.

Rc - Side opposite angle C.

A - Angle at vessel.

B - Angle clockwise from vessel.

C - Angle counterclockwise from vessel.

Zo(*) - Position of reference station at B in local coordinates.

Alpha - Azimuth of baseline (B to C).

R - Baseline distance.

Sign - Sign to be applied to angle B for calculating vessel position, normally
equals +1.

Z(*) - Position of vessel in local coordinates.

Xl,Y1 - Position of start point for along/cross track calculations.

X2,Y2 - Position of stop point for along/cross track calculations.

Course - Bearing between start and stop points.

At,Ct - Along and cross track distance.

Rfl - Previous R1 range sample.
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Rf2 - Previous R2 range sample.

Ref$(*) - Reference station list.

Ref$k*) - Reference station positions.

Tp$ - Location of transponder #1.

TP - Flag to indicate where reference station RI is located.

Statistics Variables

To(*)- TD sample.

Sample - Sample number.

Stats(*) - Statistics summary array (see Appendix _.

Cov(*) - Statistics summary array (see Appendix ).

O_set(*j - Offset array (see Appendix _).

Sk*) - Statistics summary array (see Appendix _.

R(*) - Regression summary array (see Appendix _.

Data Collection Control Variables and Flags

Data Collect - Data initialization flag set by Data-col.

Data - Data collect flag; set by START.

Op - Data pointer.

Set - Data set number; increments every 100 samples.

Sample - Sample number.

Stp - Stop data collection flag, set oy STOP.

Pause - Pause data collection flag, set by PAUSE.

Mrs - Miniranger data collection flag; set during data collection initiaiiza-
tion

O indicates Miniranger data to be collecteo.
1 indicates no Miniranger data.

Plott - Type of plot desirea, I = TO plot; 2 = CT/AT; 3 = xy.

Plots - Plot data flag "Y" = plot, "N" = no plot.
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Plotting Variables

TO plot

TD(*) - TO sample.

Sample - Sample number.

Xmn, Xmx - X-axis minimum and maximum.

Ymn, Ymx - Y-axis minimum and maximum.

Mp - Predicted regression line slope.

Xaxes, Yaxes - Axes label for data to be plotted in X and Y axes, e.g.,
TOW, TDX, TOY, TOZ.

Prx, Pry -

Cba, Cbb, Cbc -

Lcb, Lcb2, Lcb3 -

Stp - Data collect stop flag.

R(*) - Regression analysis summary array.

XY Plot

Sample - Sample number.

Wp_x, Wp_y - Plot origin.

Ap(*) - Current data sample.

R - Operating range about origin.

Cross/Along Track

Ct - Cross track distance.

At - Along track distance.

Rdist - Distance between START and STOP points.

Sample - Sample number.

General

PTS - Plot data? "Y" = yes; "N" = No.

Plott - Type of plot desired.

CTS - Cross track plot.

J
'3-4



APPENDIX K

TWINAX CABLE PHIAS ING



The proper phasing used in constructing Monitor System Twinax cables
is shown below. Note that the left hand pin of the first connector goes
to the right hand pin of the second connector.
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